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IN THE UNITED STATES ELECTED OFFICE 
OF THE UNITED STATES PATENT AND TRADEMARK OFFICE 
UNDER THE PATENT COOPERATION TREATY-CHAPTER II 

"PRELIMINARY AMENDMENT" 



5 APPLICANT: Robert BAUMGARTNER et al. 

SERIAL NO.: EXAMINER: 

FILING DATE: ART UNIT: 

INTERNATIONAL APPLICATION NO.: PCT/EP99/07632 

INTERNATIONAL FILING DATE: 12 October 1999 

1 0 INVENTION: DATA BUS AND METHOD FOR ESTABLISHING 

COMMUNICATION BETWEEN TWO MODULES BY 
MEANS OF SUCH A DATA BUS 

Hon. Assistant Commissioner for Patents 
Box PCT 
1 5 Washington D.C. 2023 1 

SIR: 

Amend the above-identified international application before entry into the 
national stage before the U.S. Patent & Trademark Office under 35 U.S.C. §371 
as follows: 

20 IN THE SPECIFICATION 

Amend the specification as follows: 

SPECIFICATION 
TITLE 
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DATABUS AND METHOD FOR THE COMMUNICATION OF TWO 
ASSEMBLIES BY MEANS OF SUCH A DATABUS 

BACKGROUND OF THE INVENTION 
Field of the Invention 

13 5 The present invention relates to a parallel databus and to a method for the 

5 comnmnication of two assemblies by means of such a databus. The invention 

1^ particularly refers to a parallel databus, which is suitable for a multiprocessor 

flj architecture. Given such a multiprocessor architecture, a plurality of processor 

y systems basically having equal rights can communicate with one another via the 

j|: 10 databus. 

Description of the Related Art 

The multibus II (multibus is a registered trademark of the Intel 
Corporation) represents such a databus. The multibus II is a synchronized bus 
defined in IEEE Standard for a High-Performance Sjnichronous 32-bit bus: 
15 MULTIBUS II, The Institute of Electrical and Electronics Engineers, Inc., 345 
East 47th Street, NY 1001 7, USA, 1 988. In order to make it more simple, the 
"MULTIBUS 11" is referred to as "multibus" in the following. 

The hardware realization of such a multibus consists of a backplane, in 
which the signal lines of the bus are arranged and which are provided with 
2 0 approximately 20 cable connectors, whereby an assembly can be respectively 
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connected thereto. Figure 3 schematically shows two assemblies 2 that are 
connected via a multibus 1 . Each assembly 2 has a databus driver 3 that is 
immediately connected to the signal Hnes of the multibus 1 and has a controller 4 
that is connected to the databus driver 3. The controller 4, in turn, is connected to 
5 the electronic physical units of the assembly 2. These electronic physical xmits 
can have a processor or merely represent a passive digital circuit. 

The controller 4, corresponding to the protocol of the multibus 1, logically 
edits the data generated by the electronic physical units and forwards them to the 
databus driver 3. The databus driver 3 converts the data into electrical data 
1 0 signals that are appropriate for the multibus and applies the electrical data signals 
to the signal lines. Data signals coming from the multibus 1, in a reversed way^ 
are accepted by the databus driver, which forwards the data to the controller 4. 
The controller 4 correspondingly edits the data for the processing by the electronic 
physical imits. 

15 The databus drivers are transparent electronic physical units, i.e., the 

respective corresponding input side and output side of the databus driver assimies 
the same logical value. Since the databus drivers are transparently fashioned, an 
active connection between two assemblies 2 is logically through-switched from 
the controller 4 of the one assembly 2 to the controller 4 of the other assembly 2. 

2 0 The signal propagation time between the two controllers 4 limits the 



maximum transmission frequency or, respectively, bus frequency. Corresponding 
to the aforementioned IEEE standard, the bus frequency is 10 MHz. A 
transmission rate of 40 byte/s is obtained by such a bus frequency. 

A study "20MHZ MULTIBUS II PARALLEL SYSTEM BUS 
5 INVESTIGATION, TAUFIK MA, INTEL CORPORATION, 8 APRIL, 1991" 
planned to operate the multibus with a bus frequency of 20 MHz. For this 
purpose, extensive adaptations and modifications have been proposed in order to 
optimize the individual runtimes between the controllers and databus drivers or, 
respectively, between the databus drivers connected via the multibus. The aim of 

1 0 this study is to operate a multibus having 10 assembhes at a maximum and 20 

MHz, and to operate a multibus having 20 assemblies at a maximum and 16 MHz. 
The signal propagation time between the controllers of two assemblies would 
have to be reduced to 50 ns or less. The result of this study is that such an 
"accelerated" multibus is theoretically possible, however, there would be a 

1 5 considerable developing outlay until its actual realization. Younger data busses, 
such as the PCI bus, do not have bus drivers in order to obtain faster access to the 
signal lines of the databus and therefore obtain a higher throughput. These data 
busses, however, are limited with respect to the number of assemblies to be 
connected at a maximum, which is normally clearly smaller than 10, and its 

2 0 physical expanse is limited to 1 0 cm, for example. On the other hand, a multibus 
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can be up to 50 cm long and can connect 20 assemblies to one another, whereby a 
pluraHty of assembhes can represent processor systems of equal rights. 

The publication by "Farber, G., Bussysteme, R. Oldenbourg Verlag, 
Munich 1987 (2. edition)" describes functions and structures of bus systems on 
O 5 the pages 16- 19, On page 19, image 13 shows a handshake transmission. The 

CI article "Packer, Stephen et. al., Message Passing Supports Multiple Processor 

.'^ Design, Computer Design" of 15 June 1984, pages 1 17 - 120, 122 and 124 

p I describes measures for improving the cormmmication in the multibus 11. 

O SUMMARY OF THE INVENTION 

10 An object of the present invention is to create a parallel databus, which 

2 allows a high data throughput and which still has the advantages of the known 

multibus, such as the high number of connectable assemblies, the large physical 
expanse and the possibility of a multiprocessor architecture. Another object of the 
present invention is to create a method for the communication between two 
1 5 assemblies, which are respectively provided with a processor, by such a databus. 

This object is achieved by a parallel databus having a plurality of parallel 
signal lines to which a plurality of assemblies can be connected, whereby each 
assembly has a databus driver being in inmiediate connection with the signal lines 
and has a controller that is connected to the databus driver, whereby a sub-number 
2 0 of the signal lines represent data lines for transmitting the data and control lines 
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for controlling the data transmission of the data via the data lines, and a clock 
generator for generating a predetermined bus frequency, with which the signals 
transmitted in the signal lines are clocked, the databus drivers are connected to the 
clock generator and the databus drivers are fashioned such that the signals to be 
5 transmitted from and to the data and control lines are accepted during a clock 

pulse prescribed by the clock generator, and are emitted during a following clock 
pulse. 

In a preferred embodiment, the clock generator generates a bus frequency 
of at least 20 MHz. Specifically, the clock generator may generate a bus 

1 0 frequency of approximately 40 MHz. In one embodiment, the databus has 32 data 
lines. A ftirther sub-number of the signal lines are fashioned as decision lines for 
deciding which assembly connected to the signal lines has access priority, the 
decision lines are connected to non-clocked open-drain outputs of the respective 
databus drivers, so that they form a wired-or logic. A device for generating an 

1 5 auxiliary clock pulse with a lower frequency than the bus frequency is provided 
for driving the decision lines. 

The device for generating an auxiliary clock pulse may be a frequency divider. 
The outputs of the databus driver leading to the controller may be fashioned as 
low- voltage TTL outputs. The signal lines preferably have a physical expanse of 
2 0 at least 40 cm. The signal lines may have a physical expanse of at least 50 cm. A 



plurality of the assemblies that are connected to the signal lines are respectively 
can be provided with a processor. The databus may be multibus-compatible. 

The invention also provides a method for the communication of two 
assembhes, which are each connected to a processor, by means of a parallel 
databus, whereby data packets are exchanged between the two assembhes, each 
data packet is acknowledged by only one single handshake. In a preferred 
embodiment, the method a handshake respectively comprises a data-ready signal 
of the transmitter assembly and a data-ready signal of the receiver assembly, 
whereby the data-ready signal of the transmitter assembly is sent to the receiver 
assembly at the beginning of the data transfer, and the receiver assembly sends its 
data-ready signal to the receiver assembly after the data-ready signal of the 
transmitter assembly has been received. The transmitter assembly only sends its 
data-ready signal when the complete data packet is present on this assembly. 

The maximum size of the data packets is preferably set to a predetermined 
value, and the receiver assembly only sends its data-ready signal when there is 
sufficient storage space on the receiver assembly. A maximum size of 32 byte, 64 
byte, 96 byte or 128 byte are determined for the data packets. 

The invention also provides a printer control imit for high-performance 
printers having an I/O-module, one or more raster modules and a serializer 
module , whereby the modules each have a processor, the modules are connected 



to a parallel databus. 

The inventive parallel databus has a plurality of parallel signal lines, 
whereby a plurality of assemblies can be connected thereto, whereby each 
assembly has a databus driver being in immediate connection with the signal lines 
and a controller that is connected to the databus driver, whereby a sub-number of 
the signal lines represent data lines for transmitting the data and control lines for 
controlling the data transmission of the data via the data lines, and is provided 
with a clock generator for generating a predetermined bus frequency, with which 
the signals transmitted in the signal lines are clocked. This parallel databus is 
characterized in that the databus drivers are connected to the clock generator and 
in that the databus drivers are fashioned such that the signals to be transmitted 
from and to the data lines and control lines are accepted during a clock pulse 
prescribed by a clock generator and are emitted during a subsequent clock pulse. 
In this way, a signal to be transmitted from one assembly to another assembly, 
during a first clock pulse, is transmitted from the controller of the transmitter 
assembly to the databus driver of the transmitter assembly, is transmitted from the 
databus driver of the transmitter assembly via the signal lines to the databus driver 
of the receiving assembly during a second clock pulse and is transmitted from the 
databus driver of the receiving assembly to the controller of the receiving 
assembly during a third clock pulse. During a clock pulse, the signals are merely 
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transmitted between a controller and a databus driver of an assembly or between 
two databus drivers of two different assemblies, so that the physical signal path is 
kept short. These short signal paths allow correspondingly short signal 
propagation times, which can be kept less than or equal to 25 ns, for example, so 
5 that a bus clock pulse, for example, of 40 MHz is possible. As a result thereof, 
the data throughput is considerably increased, although all advantages known 
about the multibus are kept. 

The method for the communication of two assemblies, which respectively 
have a processor, by such a parallel databus is characterized in that the data 
1 0 packets are merely acknowledged by one single handshake when the data packets 
are exchanged between the two assemblies. Therefore, the handshake can be 
fashioned so as to be distributed over a number of clock pulses, whereas the data 
packet can be transmitted with maximum transmission speed ( = one data word 
per clock pulse). 

1 5 BRIEF DESCRIPTION OF THE DRAWINGS 

The invention is subsequently explained on the basis of an exemplary 

embodiment shown in the drawing. 

Figure 1 is a block diagram of a printer control unit with an inventive 

databus, 

2 0 Figure 2 is a functional block diagram of two assemblies connected via an 
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inventive databus. 

Figure 3 shows two assemblies connected via a known databus, and 
Figure 4-12 show timing diagrams for explaining the signal transmission 
by means of the inventive databus, 
5 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The inventive parallel databus 5 is subsequently explained in greater detail 
on the basis of a printer control unit 6 for high-performance printers 7. Such a 
printer control unit 6 has an I/O module 8, one or more raster modules 9 and a 
serializer module 10. The individual modules 8 to 10 are connected to one 
1 0 another via the databus 5. The raster modules 9 and the serializer module 10 are 
connected to one another via a further pixel bus 1 1 . 

The I/O module 8 receives the bits of printing information from a 
computer means, which can be a large computer system or also a computer 
network. The I/O module 8 forwards the printing information to the raster 
1 5 modules 9 and the serializer module 10, whereby the raster modules 9 receive the 
bits of printing format information and convert them into a printing format data 
stream that can be processed by the high-performance printer 7. These printing 
format data streams are transmitted by the raster modules 9 via the pixel bus 1 1 to 
the serializer module 10, which lines up the data streams in a predetermined 
2 0 sequence and forwards them to the high-performance printer 7. 



The modules 8 to 10 represent assemblies 2 that are respectively 
connected to the databus 5, whereby each assembly has a databus driver 3 and a 
controller 4 (Figure 2). The databus 5 corresponds to the multibus II (multibus is 
a registered trademark of Intel Corp.), as it is defined in IEEE standard for "High 
5 Performance Synchronous 32-Bit Bus: MULTIBUS II The Institute of Electrical 
and Electronics Engineers, hic, 345 East 47th Street, NY 10017, USA, 1998", 
apart from the changed cited in the following description. 

The hardware realization of this databus 5 is composed of a backplane, in 
which the signal lines of the bus are arranged and which are provided with 20 to 

10 25 cable connectors to which an assembly 2 can be respectively connected. The 
CSM module (Central Services Module), which executes specific start routines 
and which initializes the individual assemblies, represents such an assembly 
known from the multibus. The CSM module has a clock generator, which applies 
a clock signal oscillating with a predetermined bus frequency to a clock signal 

1 5 line of the databus 5. The bus frequency is 40 MHz in the present exemplary 
embodiment. 

The databus drivers 3 of each assembly 2 are connected to the clock signal 
line 12, whereby the input and output of the databus drivers 3 can be clocked 
corresponding to the bus frequency or, respectively, the bus clock pulse. 
2 0 In addition to the clock signal line 12, the databus 5 has fiirther lines, such 
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as 32 data lines for transmitting the data, control lines for controlling the data 
transmission, decision lines for deciding (arbitration), which assembly is allowed 
to access the databus 5, address lines and one or more lines for the supply voltage 
and ground. In the present exemplary embodiment, the same lines are used for 
5 transmitting the addresses and the data, so that combined address lines/data lines 
are present. 

The databus drivers 3 are inventively connected to the clock signal line 12 
and are fashioned such that the signals to be transmitted from and to the data lines 
and control lines are accepted during a clock pulse prescribed by a clock generator 

1 0 and are outputted during the following clock pulse. The part of the databus driver 
3, which operates the data lines and control lines, therefore is fashioned as a non- 
transparent electronic component with a temporary storing function, as it can be 
realized by a D-flip-flop, for example. These databus drivers 3, during a clock 
pulse, therefore accept the signals of the data lines and control lines coming from 

1 5 the databus 5, they store them and output them to the respective controller 4 
during the immediately following clock or, respectively, they accept a signal 
coming from the controller 4 during a clock pulse, they store said signal and apply 
it to the databus 5 at the immediately following clock pulse. The databus drivers 
3 therefore are operated in a "clocked" fashion with respect to the data lines and 

2 0 control lines. 
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For explanation purposes, it is assumed in the following that the assembly 
shown in Figure 2 on the left side (transmitter assembly S) initiates a data transfer 
to the assembly (receiver assembly E) shown on the right side. In a decision 
method (arbitration) known from the multibus, the transmitter assembly initially 
obtains the right to be allowed to access the databus 5. The transmitter assembly 
S therefore is also referred to as bus owner. 

During a first clock pulse, the controller 4 of the transmitter assembly S 
transmits a data word (1-4 byte) to the databus driver of the transmitter assembly 
S. The databus driver 3 stores the data word and converts it into a signal that is 
suitable for the databus 5, whereby said signal is present at the signal lines of the 
databus 5 during the following, second clock. During the second clock pulse, 
these electrical data signals are accepted by the databus driver 3 of the receiver 
assembly 2, they are temporarily stored and are transmitted to the controller 4 of 
the receiving assembly E during the following, third clock pulse. 

This clocked transmission of the signals divides the entire transmission 
path from the controller 4 of the transmitter assembly S to the controller 4 of the 
receiver assembly E into three sections, namely the two sections 13, 15 between 
the controllers 4 and the databus drivers 3 of the respective assembly 2 and the 
section 14 between the two databus drivers 3 of the two assemblies 2, whereby 
said section extends across the signal lines of the databus 5. The signal 
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propagation time in the individual sections is significantly shorter than over the 
entire distance between two controllers, as it is necessary for transparent databus 
drivers in order to maintain the signal generated at the controller of the transmitter 
assembly until it is present at the controller of the receiver assembly. Given such 
5 a databus, the bus frequency can be significantly increased (e.g. up to 40 MHz) as 
a result of the inventively shortened signal propagation times of the individual 
sections, which can be 25 ns, for example. Data transmission rates of up to 160 
Mbyte/s can be obtained by a bus firequency of 40 MHz. 

The databus drivers can be fashioned, for example, with GTL+- drivers of 
1 0 the company Texas Instruments, such as the module SN54GTL1655 or 
SN74GTL1655. 

The operation of the inventive databus is subsequently explained in greater 
detail on the basis of the timing diagrams shown in the Figures 4 to 12. 

Figure 4 shows the timing diagram for transmitting a data packet between 
15 two assemblies on the basis of the control signals SCNO, SCN2, SCN3, SNC4 and 
the address signals/data signals AND. The designations of these signals are 
respectively provided with one of the following endings "_S", "_B"and "_E", 
whereby "-S" means that the signal status in the line section 13 is shown between 
the controller 4 and the databus driver 3 of the transmitter assembly S; the ending 
2 0 "_B" means that the signal status in the signal lines of the databus is shown 
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between the databus drivers 3 of the communicating assemblies (line section 14), 
and the ending "_E" means that the signal in the line section 15 is shown between 
the databus driver 3 and the controller 4 of the receiver assembly E. The signal 
SCNO shows a request phase, whereby the signal is valid in the low status (L ^ 
5 request phase). The signal SCN3 indicates the end of the data transmission, 
whereby the 0/1 -transition or, respectively, low/high-transition represents the 
exact point in time of the end of the data transmission. SCN3 refers to the data- 
ready signal of the transmitter assembly, and SCN4 refers to the data-ready signal 
of the receiver assembly E. The two signals SCN3 and SCN4 are the main 
1 0 components of a handshake between the transmitter assembly S and the receiver 
assembly E. The handshake has signals SCN5, SCN6 and SCN7 allocated, with 
which the type of error, in a way known from the multibus, is indicated by the 
receiver assembly E given a faulty data transmission. 



15 The signals AND can comprise 4, 8, 16, 24 or 32 individual signals, for 

example, whereby the maximum number is limited by the 32 address lines/data 
lines of the databus 6. 

The controller 4 of the transmitter assembly generates the request signal 
SCNO at the beginning of a transmission of a data packet and the address of the 

2 0 receiver assembly is outputted (see SI in Figure 4). The databus driver 3 of the 
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transmitter assembly applies these signals to the signal lines of the databus 5 
during the next clock pulse (S2), The request signal SCNO and the address data 
reach the controller 4 of the receiver assembly E during the third clock pulse (S3); 
the receiver assembly E then realizes that it is to receive a data packet. The signal 
5 SCNO is only generated during the duration of a clock pulse. During the second 
clock pulse S2, the controller 4 of the trmsmitter assembly S generates a data- 
ready signal SCN3, with which it indicates that the transmitter assembly S is 
ready for sending a data block. An identification character is simultaneously 
applied to the address lines/data lines for the type of data block. These signals 

1 0 arrive at the controller 4 of the receiver assembly E at the clock pulse S4. After 
the receiver assembly E has determined the data-ready signal SCN3, it checks 
whether it has sufficiently firee storage space for accepting a data packet. The size 
of the data packet is fixed at the initiahzation of the databus and can be 32, 64, 96 
or 128 byte. If there is sufficient storage space at the receiver assembly E for 

1 5 accepting a data packet, the controller 4 of the receiver assembly E produces a 
data-ready signal SCN4, which is transmitted to the controller of the transmitter 
assembly S during three clock pulses (S6 - S8). The receiver assembly E needs 
two clock pulses for accepting the data-ready signal SCN3 of the transmitter 
assembly S, for checking whether there is sufficient storage space and for 

2 0 outputting the data-ready signal SCN4, The data-ready signal SCN4 reaches the 



controller 4 of the transmitter assembly S during the clock pulse S8. The 
handshake has been acknowledged with the receipt of this signal by the controller 
4 of the transmitter assembly S. 

The controller 4 of the transmitter assembly S sends data words, which 
normally comprise 32 bit, during the acknowledgment of the handshake, starting 
with the clock pulse S3 through the clock pulse SIO. The controller 4 hereby 
sends such a data word per clock pulse, which then, with a delay of two clock 
pulses, arrive at the controller 4 of the receiver assembly E. The data-ready signal 
SCN3 of the transmitter assembly S is active until the last data word has been 
sent- At the same time as the last data word D7 is sent, the controller 4 of the 
transmitter assembly S activates the control signal SCN2 (low) in order to mark 
the exact end of the transmission of the data packet at its 0/1 -transition (low/high 
transition). As can be seen from Figure 4, the SCN2 signal is synchronously 
transmitted in the individual transmission sections with the data word D7, so that 
the signal SCN2, during the clock pulse SI 2, is received by the receiver assembly 
E and also by the other assemblies connected to the signal lines of the databus 5, 
so that these recognize that the transmission of the data packet has been 
completed. A further data packet now can be transmitted between the transmitter 
assembly and the receiver assembly or the right to access the databus signals can 
be transferred to another assembly in a decision method (arbitration), which is 



-18- 



known from the multibus. 

Since each data packet, which can comprise 8 data words, for example, is 
inventively transmitted by one single handshake, the data words DO - D7 can be 
transmitted with a maximum transmission rate (one data word per clock pulse), 
whereas a comparably long period of time of 7 clock pulses (S2 - S8), for 
example, is available for processing the handshake. 

Figure 5 shows a similar diagram for transmitting a data packet that 
comprises only one data word DO. The acknowledgment of the handshake by the 
signal SCN4 is received again at the clock pulse S8 by the controller 4 of the 
transmitter assembly S (see transmission process explained on the basis of Figure 
4). Only after the handshake has been acknowledged and this acknowledgment 
signal SCN4 has been processed by the transmitter assembly S (clock pulse SIO), 
the controller 4 of the transmitter assembly S ends the output of the signals 
representing the data word DO, so that it is assured that the receiver assembly E is 
capable of receiving the data word DO. Since only one data word DO is 
transmitted here, it is the "last" data word of the packet why the control signal 
SCN2 indicating the end of the data transmission is also actively switched (low) 
during the entire time during which the data signals of the data word DO are 
active. 

The timing diagrams of Figure 6 and 7 show a reference read access and a 
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reference write access. The reference accesses comprise the what is referred to as 
"I/O-space operation" and the "Memory Space Operations", wherein a transmitter 
assembly writes a data word in a register or a memory cell of another assembly or, 
respectively, reads is out from the memory cell. 
5 Given the reference write access (Figure 6), the process of the control 

signals SCNO, SCN2, SCN3 and SCN4 exactly corresponds to the process when a 
data packet having one single data word is transmitted (Figure 5). The reference 
write access only differs from this data transfer in that an address ADR composed 
of two data words is initially transmitted at the address lines/data lines and the 

1 0 data word DO to be transmitted is subsequently transmitted. A transmitter 

assembly S initiating a data transfer can read out a memory cell of a receiver 
assembly E with the reference read access (Figure 7), In the same way as the 
previous data transfers, the data transfer is started by initiating a request phase 
with the control signal SCNO and by applying an address ADR, which is 

1 5 composed of two data words, to the address lines/data lines. After the request 
phase, the transmitter assembly S sets the control signals SCN2 and SCN3, 
whereby it thus indicates that it is ready for accepting the data from the receiver 
assembly E. The receiver assembly E sends a data word DO to the transmitter 
assembly S and simultaneously indicates that the data are valid in that it places the 

2 0 control signal SCN4. The receiver assembly E removes again the data DO and the 
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control signal SCN4 when it has recognized the set signals SCN2 and SCN3 of 
the transmitter assembly S. As soon as the transmitter assembly S has recognized 
the set signal SCN4, it takes over the data DO and resets the control signals SCN2 
and SCN3. The data transfer is completed. 
5 The Figures 8 and 9 show the timing diagrams of an intercoimect write 

access and of an interconnect read access. On the basis of these interconnect 
accesses, a data word can be respectively entered or, respectively, read out in a 
what is referred to as interconnect storage space, which is provided at each 
assembly. The memory cells of this storage space are addressed with an address 

1 0 ADR that is only composed of a data word. The intercoimect accesses therefore 
differ from the reference accesses with respect to the size of the address, whereby 
the operational sequence of the control signals SCO, SCN2, SCN3, SCN4 
corresponds to the transmission of the respective data word DO. 

The reference access and interconnect access is of secondary importance 

1 5 for the bus systems, which respectively connect assemblies that are provided with 
a processor, since an interprocessor communication is only possible by means of 
the above-described data packets (messages). Given multiprocessor systems, the 
reference access and the interconnect access only serve the purpose of initializing 
and diagnosing the system or, respectively, are for the communication with 

2 0 periphery devices, which do not have a separate processor control. 



As it is known from the multibus, the control signals ARB (5, . 0) and a 
bus request signal BREQ (bus request) are used for the decision (arbitration). In 
contrast to the address signals/data signals and the control signals, these signals 
are not clocked-in, since the decision lines then cannot be used in a "wired-or- 
modus", which is used for deciding the access rights. The databus driver therefore 
is transparent for these signals. Since one clock pulse period is not sufficient as 
signal runtime from one controller to the other controller for transmitting the 
signals, the databus is provided with an additional clock pulse signal line, 
whereby an auxiliary clock pulse BCLK2 is applied thereto. The auxiliary clock 
pulse BCLK2 (20 MHz) is generated by dividing the bus frequency by two. 

The signals ARB (5 . . 0) and BREQ are generated by the assemblies in 
the high-phase of the auxiliary clock pulse and are also queried in the high-phase 
of the auxiliary clock pulse BCLK2. It is thus assured that at least two clock 
pulse periods of the bus frequency or, respectively, of the bus clock pulse are 
available to the signals as signal runtime. 

As shown in Figure 10, four clock pulses of the bus clock pulse or, 
respectively, two clock pulses of the auxiliary clock pulse are used at a minimum 
for the transiency of the decision signals. This period of time that is available to 
the decision signal for the transiency can be extended to 18 clock pulses of the bus 
frequency at a maximum. 
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Figure 1 1 shows a diagram showing the termination of a data transmission 
due to an error generated at the receiver assembly E. When the receiver assembly 
E notices an error, it outputs an error code at the same time as the data-ready 
signal SCN4 by means of the control signals SCN4 to SCN7 (not shown). The 
5 error code outputted by the signals SCN5 to SCN7 corresponds to the error code 
known from the multibus. 

When the receiver assembly E recognizes the error code, it modifies the 
data transfer in that it sets the control signal SCN2. The data transfer is completed 
when the receiver assembly E recognizes the set control signal SCN2. 

10 It is differentiated between what are referred to as bus errors, which 

generally occur in the databus system, vis-a-vis the errors generated with respect 
to the assemblies. Given the inventive databus, the error signal BUSERR can be 
only set by the assemblies, which are a part of the respective data transfer, i.e., the 
transmitter assembly S and the receiver assembly E. All other assemblies 

1 5 connected to the databus are either in a resting state or are in the decision phase 
(arbitration). They must leave the arbitration phase and start again when a bus 
error occurs. The assemblies set the error signal BUSERR when a parity error is 
present at the address/data signals or control signals or when the bus protocol has 
been injured with respect to the control signals. This is to assure that the data 

2 0 arriving at an assembly are correct. Given a data transmission by means of a data 



packet, a writing interconnect access and a writing reference access, the error 
signal BUSERR is generated by the receiver assembly. Given a reading 
interconnect access and a reading reference access, wherein a data word is 
transmitted from the receiver assembly to the transmitter assembly, the error 
signal BUSERR is generated by the trmsmitter assembly. 

It is important about the inventive databus that all signals of a transmitter 
assembly are clocked-in three times before they can be processed by the receiver 
assembly. This is the reason why a bus error is always recognized two or three 
clock pulses later, depending on whether the error has occurred on the transmitter 
assembly or on the databus. In this case, the receiver assembly sets the error 
signal BUSERR. Given a reading interconnect access or reading reference access, 
the error occurs on the receiver assembly, whereby the transmitter assembly sets 
the error signal BUSERR in the case of an error. 

The chronological delay of the error signal is taken into consideration in 
that the controller of the transmitter assembly, which sends a data packet or 
carries out an access, waits for six clock pulses after the end of the data transfer 
until it informs the CPU of the assembly of the status of the data transfer, since an 
error signal can still arrive at this time. 

Since only one single handshake inventively occurs for each data transfer, 
only this one single handshake, i.e. the data-ready signal SCN4, can be checked, 
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so that modifications result vis-a-vis the known multibus protocol. 

The parity check is carried out at the subsequently described points in 

time: 

1. Control signals are always checked. 
5 2. Address signals/data signals are checked during the request phase. 

3. Address signals/data signals are checked during a response phase of a read 
access following the request phase when SCN4 is set and SCN (7 . . 5) is not set, 
i.e., when a correct handshake is present. 

4. Address signals/data signals are checked during the response phase of a write 
1 0 access when SCN3 is set and when SCN (7 . .5) is not set, i.e., a correct 

handshake is present. 

A databus protocol injury is determined when 

1 . SCNO is set during a response phase, 

2. SCN2 is set in the response phase and SCN3 is not set in the response phase, 
15 3. SCN5, SCN6 or SCN7 are set during the response phase and SCN4 is not set, 

4. SCN2 changes during the response phase, whereas SCN3 remains set, and 

5. more data words than fixed during the configuration of the databus system are 
sent during a data transfer by means of data packets. 

The multibus protocol treats the error described in point 5 as an error 
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occurring at an assembly. Since the data transfer can be no longer continued after 
this error has occurred and since the error normally occurs after the handshake 
given the inventive method with one single handshake, it is evaluated as a bus 
error. Such a bus error with respect to a data transfer by a data packet is shown in 
5 the diagram of Figure 12. Nine data words are transmitted here instead of eight 
data words. Therefore, the receiver assembly sets the error signal BUSERR after 
the eighth data word D7. As can be seen from the timing diagram, the transmitter 
assembly has already completed the data transfer on its side before it is informed 
of the error by the receiver assembly. As a result thereof, the controller of the 

1 0 transmitter assembly must wait for six clock pulses until it can announce the 

completion of the transfer to the CPU of the assembly, since error messages of the 
receiver assembly can still arrive within this period of time. 

The invention is not limited to a databus that is similar to the multibus but 
can be utilized for each parallel databus. 

1 5 The invention can be summarized as follows: 

It relates to a parallel databus having a plurality of parallel signal lines to 
which a plurality of assemblies can be connected, whereby each assembly has a 
databus driver being in immediate connection with the signal lines and has a 
controller that is connected to the databus driver. This databus is based on the 

2 0 known MULTIBUS 11. The invention is characterized in that the databus drivers 



are connected to the clock generator of the databus, and that the databus drivers 
are fashioned such that the signals to be transmitted from and to the data and 
control lines are accepted during a clock pulse that is predetermined by the clock 
generator, and are emitted during the following clock pulse. As a result thereof, 
the signaling path between two assemblies connected via the databus is 
interrupted at the databus drivers, so that the signals cover a shorter path section 
during a clock pulse of the databus compared to conventional databuses with 
transparent databus drivers. The individual signal propagation times are thus 
reduced, so that the bus frequency of the databus and therefore the data 
throughput can be significantly increased. 

The invention also relates to a method for the communication of two 
assemblies that are each provided with a processor, whereby data packets are 
exchanged between the assemblies. The inventive method is characterized in that 
each data packet is acknowledged by only one single handshake. As a result of 
this method, data can be transmitted with a maximum transmission rate at the 
databus. 

Although other modifications and changes may be suggested by those 
skilled in the art, it is the intention of the inventors to embody within the patent 
warranted hereon all changes and modifications as reasonably and properly come 
within the scope of their contribution to the art. 



IN THE CLAIMS 

Amend the claims as follows: 
We claim: 

I. (Amended) A parallel databus assembly, comprising: 
a plurality of parallel signal lines; 

a plurality of assemblies connected to said plurality of parallel signal lines, each 
of said assemblies having 

a databus driver being in immediate connection with said signal lines, and 

a controller connected to said databus driver, 
at least some of said plurality of parallel signal lines being at least one of data 

lines for transmitting data and control lines for controlling data 

transmission of the data via said data lines, 
a clock generator generating a predetermined bus frequency with which signals 

transmitted in said signal lines are clocked, 
said databus drivers being connected to said clock generator, said databus drivers 

being fashioned such that signals to be transmitted from and to said data 

lines and said control lines are accepted during a clock pulse prescribed by 

said clock generator and are emitted during a following clock pulse. 
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2. (Amended) A parallel databus assembly according to claim 1, wherein 

said 

clock generator generates a bus frequency of at least 20 MHz. 

3. (Amended) A parallel databus assembly according to claim 2, wherein 

said 

clock generator generates a bus frequency of approximately 40 MHz 

4. (Amended) A parallel databus assembly according to claim 1, wherein 
said databus has 32 data lines. 

5. (Amended) A parallel databus assembly according to claim 1, wherein 
fiirther ones of said plurality of parallel signal lines are fashioned as decision lines 
for deciding which of said plurality of assemblies connected to said parallel signal 
lines has access priority, and 

said databus drivers having non-clocked open-drain outputs connected to 
said decision lines a wired-or logic is formed. 

6. (Amended) A parallel databus assembly according to claim 5, further 
comprising: 
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a device for generating an auxiliary clock pulse with a lower frequency than the 
bus frequency is provided for driving the decision lines, 

7. (Amended) A parallel databus assembly according to claim 6, wherein 
said device for generating an auxihary clock pulse is a frequency divider. 

8. (Amended) A parallel databus assembly according to claim 1, wherein 
outputs of the databus driver leading to the controller are fashioned as low- 
voltage TTL outputs. 

9. (Amended) A parallel databus assembly according to claim I, wherein 
said signal lines have a physical expanse of at least 40 cm. 

10. (Amended) A parallel databus assembly according to claim 1, wherein 
said signal lines have a physical expanse of at least 50 cm. 

1 1 . (Amended) A parallel databus assembly according to claim 1 , fiirther 
comprising: 

a processor for a plurality of the assembUes that are connected to the signal lines . 
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12. (Amended) A parallel databus assembly according to claim 1 , wherein 
said databus is multibus-compatible. 

13. (Amended) A method for communication of two assembhes which are 
each connected to a processor by a parallel databus, comprising the steps of: 

5 exchanging data packets between the two assembhes; and 

acknowledging each data packet by only one single handshake. 

14. (Amended) A method according to claim 13, wherein said handshake 
includes a data-ready signal of the transmitter assembly and a data-ready signal of 
the receiver assembly, the data-ready signal of the transmitter assembly being sent 

10 to the receiver assembly at a beginning of the data transfer, and the receiver 

assembly sending a data-ready signal to the receiver assembly after the data-ready 
signal of the transmitter assembly has been received. 

15. (Amended) A method according to claim 14, wherein said transmitter 
assembly only sends its data-ready signal when a complete data packet is present 

15 on said assembly. 

16. (Amended) A method according to claim 14, further comprising the 



step of: 

setting a maximum size of the data packets to a predetemiined value, and 
only sending a data-ready signal from the receiver assembly when there is 
sufficient storage space on the receiver assembly. 

17. (Amended) A method according to claim 16, wherein said step of 
determining a maximxim size determines one of 32 bytes and 64 bytes and 96 
bytes and 128 bytes as the maximum size of the data packets. 

18. (Amended) A printer control unit for high-performance printers, 
comprising: 

an I/O-module, 

at least one raster modules and 
a serializer module, 

a processor for each of said modules, and 
a parallel databus. 
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TN THE ABSTRACT 

ABSTRACT OF THE DISCLOSURE 
A parallel databus assembly and method includes modules connected to 
parallel signal lines, each of the modules having a databus driver being in 
5 immediate connection with the signal lines and a controller connected to the 
databus driver. At least some of the parallel signal lines are data lines for 
transmitting data or control lines for controlling the data transmission of the data 
via the data lines. A clock generator for generating a bus frequency with which 
the signals transmitted in the signal lines are clocked is connected to the databus 
1 0 drivers. The databus drivers are fashioned such that the signals to be transmitted 
from and to the data lines and the control lines are accepted during a clock pulse 
prescribed by the clock generator and are emitted during a following clock pulse. 
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REMARKS 

The foregoing amendments to the specification and claims under Article 
41 of the Patent Cooperation Treaty place the appUcation into a form for 
prosecution before the U.S. Patent and Trademark Office under 35 U.S.C. §371. 
5 Accordingly, entry of these amendments before examination on the merits is 
hereby requested. 



Respectfully submitted, 




Kelvin A. Robinson (reg. no. 31,870) 
1 0 Patent Department 

Schiff Hardin & Waite 
6600 Sears Tower 
Chicago, Illinois 60606 
Telephone: 312-258-5785 
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VERSION MARKED TO SHOW CHANGES 
The specification has been amended as follows: 

SPECIFIC ATION 
TITLE 

5 DATABUS AND METHOD FOR THE COMMUNICATION OF TWO 

ASSEMBLIES BY MEANS OF SUCH A DATABUS 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a parallel databus and to a method for the 
1 0 communication of two assemblies by means of such a databus. The invention 
particularly refers to a parallel databus, which is suitable for a multiprocessor 
architecture. Given such a multiprocessor architecture, a plurality of processor 
systems basically having equal rights can communicate with one another via the 
databus. 

15 Description of the Related Art 

The multibus II (multibus is a registered trademark of the Intel 
Corporation) represents such a databus. The multibus 11 is a synchronized bus 
defined in IEEE Standard for a High-Performance Synchronous 32-bit bus: 
MULTIBUS II, The Institute of Electrical and Electronics Engineers, Inc., 345 
2 0 East 47* Street, NY 10017, USA, 1988. In order to make it more simple, the 
"MULTIBUS n" is referred to as "multibus" in the following. 

The hardware realization of such a multibus consists of a backplane 



[ backplan [sic] ], in which the signal hnes of the bus are arranged and which are 
provided with approximately 20 cable connectors, whereby an assembly can be 
respectively connected thereto. Figure 3 schematically shows two assembhes 2 
that are connected via a multibus 1 . Each assembly 2 has a databus driver 3 that is 
immediately connected to the signal lines of the multibus 1 and has a controller 4 
that is connected to the databus driver 3. The controller 4, in tum, is connected to 
the electronic physical units of the assembly 2. These electronic physical units 
can have a processor or merely represent a passive digital circuit. 

The controller 4, corresponding to the protocol of the multibus 1, logically 
edits the data generated by the electronic physical units and forwards them to the 
databus driver 3. The databus driver 3 converts the data into electrical data 
signals that are appropriate for the multibus and applies the electrical data signals 
to the signal lines. Data signals coming from the multibus 1, in a reversed way, 
are accepted by the databus driver, which forwards the data to the controller 4. 
The controller 4 correspondingly edits the data for the processing by the electronic 
physical units. 

The databus drivers are transparent electronic physical units, i.e., the 
respective corresponding input side and output side of the databus driver assumes 
the same logical value. Since the databus drivers are transparently fashioned, an 
active connection between two assemblies 2 is logically through-switched from 



the controller 4 of the one assembly 2 to the controller 4 of the other assembly 2. 

The signal propagation time between the two controllers 4 limits the 
maximimi transmission frequency or, respectively, bus frequency. Corresponding 
to the aforementioned IEEE standard, the bus frequency is 10 MHz, A 
transmission rate of 40 byte/s is obtained by such a bus frequency. 

A study "20MHZ MULTIBUS II PARALLEL SYSTEM BUS 
INVESTIGATION, TAUFIK MA, INTEL CORPORATION, 8 APRIL, 1991" 
planned to operate the multibus with a bus frequency of 20 MHz. For this 
purpose, extensive adaptations and modifications have been proposed in order to 
optimize the individual runtimes between the controllers and databus drivers or, 
respectively, between the databus drivers connected via the multibus. The aim of 
this study is to operate a multibus having 10 assembhes at a maximum and 20 
MHz, and to operate a multibus having 20 assemblies at a maximum and 16 MHz. 
The signal propagation time between the controllers of two assemblies would 
have to be reduced to 50 ns or less. The result of this study is that such an 
"accelerated" multibus is theoretically possible, however, there would be a 
considerable developing outlay imtil its actual reaUzation. Younger data busses, 
such as the PCI bus, do not have bus drivers in order to obtain faster access to the 
signal lines of the databus and therefore obtain a higher throughput. These data 
busses, however, are limited with respect to the number of assembhes to be 



connected at a maximum, which is nomially clearly smaller than 10, and its 
physical expanse is limited to 10 cm, for example. On the other hand, a multibus 
can be up to 50 cm long and can connect 20 assembhes to one another, whereby a 
plurahty of assembhes can represent processor systems of equal rights. 
5 The publication bv "Farber, G., Bussysteme, R. Oldenbourg Verlag, 

Munich 1987 (2. edition)" describes functions and structures of bus systems on 
the pages 16-19. On page 19, image 13 shows a handshake transmission. The 
article "Packer, Stephen et. aL, Message Passing Supports Multiple Processor 
Design, Computer Design" of 15 June 1984, pages 1 17 - 120, 122 and 124 
1 0 describes measures for improving the communication in the multibus 11. 

SUMMARY OF THE INVENTION 
An object of the present invention is to create a parallel databus, which 
allows a high data throughput and which still has the advantages of the known 
multibus, such as the high number of connectable assembhes, the large physical 
1 5 expanse and the possibihty of a multiprocessor architecture. Another obj ect of the 
present invention is to create a method for the communication between two 
assemblies, which are respectively provided with a processor, by such a databus. 

This object is achieved by a parallel databus having [ the features of claim 
1 and by a method having the fcatui-cs of claim 13. Advantageous cmbodimcntG 
2 0 of tinn in^/nntmn nm r.\icA in tlin . r ^uholnimri. ] a plurality of p a rallel signal lines to 
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which a plurality of assemblies can be connected, whereby each assembly has a 
databus driver being in immediate connection with the signal lines and has a 
controller that is connected to the databus driver, whereby a sub-nimiber of the 
signal lines represent data lines for transmitting the data and control lines for 
controlling the data transmission of the data via the data lines, and a clock 
generator for generating a predetermined bus frequency, with which the signals 
transmitted in the signal lines are clocked, the databus drivers are connected to the 
clock generator and the databus drivers are fashioned such that the signals to be 
transmitted from and to the data and control lines are accepted during a clock 
pulse prescribed bv the clock generator, and are emitted during a following clock 
pulse. 

In a preferred embodiment, the clock generator generates a bus frequency 
of at least 20 MHz. Specifically, the clock generator may generate a bus 
frequency of approximately 40 MHz. In one embodiment, the databus has 32 data 
lines. A ftirther sub-number of the signal lines are fashioned as decision lines for 
deciding which assembly connected to the signal lines has access priority, the 
decision lines are connected to non-clocked open-drain outputs of the respective 
databus drivers, so that they form a wired-or logic. A device for generating an 
auxiliary clock pulse with a lower frequency than the bus frequency is provided 
for driving the decision lines. 
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The device for generating an auxiliary clock pulse may be a frequency divider. 
The outputs of the databus driver leading to the controller may be fashioned as 
low- voltage TTL outputs. The signal lines preferably have a physical expanse of 
at least 40 cm. The signal lines may have a physical expanse of at least 50 cm. A 
plurality of the assemblies that are connected to the signal lines are respectively 
can be provided with a processor. The databus may be multibus-compatible. 

The invention also provides a method for the communication of two 
assemblies, which are each connected to a processor, by means of a parallel 
databus. whereby data packets are exchanged between the two assembhes. each 
10 data packet is acknowledged by only one single handshake. In a preferred 

embodiment, the method a handshake respectively comprises a data-ready signal 
of the transmitter assembly and a data-ready signal of the receiver assembly, 
whereby the data-ready signal of the transmitter assembly is sent to the receiver 
assembly at the beginning of the data transfer, and the receiver assembly sends its 
15 data-ready signal to the receiver assembly after the data-ready signal of the 

transmitter assembly has been received. The transmitter assembly only sends its 




data-ready signal when the complete data packet is present on this assembly. 

The maximum size of the data packets is preferably set to a predetermined 
value, and the receiver assembly only sends its data-ready signal when there is 



2 0 sufficient storage space on the receiver assembly. A maximum size of 32 byte. 64 
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bvte, 96 byte or 128 bvte are determined for the data packets. 

The invention also provides a printer control unit for high-performance 
printers having an I/O-module, one or more raster modules and a serializer 
module . whereby the modules each have a processor, the modules are connected 
to a parallel databus. 

The inventive parallel databus has a plurality of parallel signal lines, 
whereby a plurality of assembhes can be connected thereto, whereby each 
assembly has a databus driver being in immediate connection with the signal lines 
and a controller that is connected to the databus driver, whereby a sub-number of 
the signal lines represent data lines for transmitting the data and control lines for 
controlling the data transmission of the data via the data lines, and is provided 
with a clock generator for generating a predetermined bus frequency, with which 
the signals transmitted in the signal lines are clocked. This parallel databus is 
characterized in that the databus drivers are connected to the clock generator and 
in that the databus drivers are fashioned such that the signals to be transmitted 
from and to the data lines and control lines are accepted during a clock pulse 
prescribed by a clock generator and are emitted during a subsequent clock pulse. 
In this way, a signal to be transmitted from one assembly to another assembly, 
during a first clock pulse, is transmitted from the controller of the transmitter 
assembly to the databus driver of the transmitter assembly, is transmitted from the 
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databus driver of the transmitter assembly via the signal lines to the databus driver 
of the receiving assembly during a second clock pulse and is transmitted from the 
databus driver of the receiving assembly to the controller of the receiving 
assembly during a third clock pulse. During a clock pulse, the signals are merely 
5 transmitted between a controller and a databus driver of an assembly or between 
two databus drivers of two different assemblies, so that the physical signal path is 
kept short. These short signal paths allow correspondingly short signal 
propagation times, which can be kept less than or equal to 25 ns, for example, so 
that a bus clock pulse, for example, of 40 MHz is possible. As a result thereof, 

1 0 the data throughput is considerably increased, although all advantages known 
about the multibus are kept. 

The method [ cited in claim 13 ] for the communication of two assembhes, 
which respectively have a processor, by such a parallel databus is characterized in 
that the data packets are merely acknowledged by one single handshake when the 

15 data packets are exchanged between the two assemblies. Therefore, the 

handshake can be fashioned so as to be distributed over a number of clock pulses, 
whereas the data packet can be transmitted with maximum transmission speed ( = 
one data word per clock pulse). 

BRIEF DESCRIPTION OF THE DRAWINGS 

2 0 The invention is subsequently explained on the basis of an exemplary 
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embodiment shown in the drawing. [Schematically shown are:] 

Figure 1 is a block diagram of a printer control unit with an inventive 
databus. 

Figure 2 is a functional block diagram of two assemblies connected via an 
inventive databus. 

Figure 3 shows two assemblies connected via a known databus, and 

Figure 4-12 show timing diagrams for explaining the signal transmission 
by means of the inventive databus. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The inventive parallel databus 5 is subsequently explained in greater detail 
on the basis of a printer control unit 6 for high-performance printers 7. Such a 
printer control unit 6 has an I/O module 8, one or more raster modules 9 and a 
serializer module 10. The individual modules 8 to 10 are connected to one 
another via the databus 5. The raster modules 9 and the serializer module 10 are 
connected to one another via a further pixel bus 1 1 . 

The I/O module 8 receives the bits of printing information from a 
computer means, which can be a large computer system or also a computer 
network. The I/O module 8 forwards the printing information to the raster 
modules 9 and the serializer module 10, whereby the raster modules 9 receive the 
bits of printing format information and convert them into a printing format data 



stream that can be processed by the high-performance printer 7. These printing 
format data streams are transmitted by the raster modules 9 via the pixel bus 1 1 to 
the seriaUzer module 10, which lines up the data streams in a predetermined 
sequence and forwards them to the high-performance printer 7. 

The modules 8 to 10 represent assembhes 2 that are respectively 
connected to the databus 5, whereby each assembly has a databus driver 3 and a 
controller 4 (Figure 2). The databus 5 corresponds to the multibus II (multibus is 
a registered trademark of Intel Corp.), as it is defined in IEEE standard for "High 
Performance Synchronous 32-Bit Bus: MULTIBUS II The Institute of Electrical 
and Electronics Engineers, Inc., 345 East 47**^ Street, NY 10017, USA, 1998", 
apart from the changed cited in the following description. 

The hardware realization of this databus 5 is composed of a backplane 
[ backplan [sic] ], in which the signal lines of the bus are arranged and which are 
provided with 20 to 25 cable connectors to which an assembly 2 can be 
respectively connected. The CSM module (Central Services Module), which 
executes specific start routines and which initializes the individual assemblies, 
represents such an assembly known from the multibus. The CSM module has a 
clock generator, which applies a clock signal oscillating with a predetermined bus 
frequency to a clock signal line of the databus 5. The bus frequency is 40 MHz in 
the present exemplary embodiment. 
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The databus drivers 3 of each assembly 2 are connected to the clock signal 
line 12, whereby the input and output of the databus drivers 3 can be clocked 
corresponding to the bus frequency or, respectively, the bus clock pulse. 

In addition to the clock signal line 12, the databus 5 has further lines, such 
as 32 data lines for transmitting the data, control lines for controlling the data 
transmission, decision lines for deciding (arbitration), which [ whichcn [sic] ] 
assembly is allowed to access the databus 5, address lines and one or more lines 
for the supply voltage and ground. In the present exemplary embodiment, the 
same lines are used for transmitting the addresses and the data, so that combined 
address lines/data lines are present. 

The databus drivers 3 are inventively connected to the clock signal line 12 
and are fashioned such that the signals to be transmitted from and to the data lines 
and control lines are accepted during a clock pulse prescribed by a clock generator 
and are outputted during the following clock pulse. The part of the databus driver 
3, which operates the data lines and control lines, therefore is fashioned as a non- 
transparent electronic component with a temporary storing ftinction, as it can be 
realized by a D-flip-flop, for example. These databus drivers 3, during a clock 
pulse, therefore accept the signals of the data lines and control lines coming from 
the databus 5, they store them and output them to the respective controller 4 
during the immediately following clock or, respectively, they accept a signal 



coming from the controller 4 during a clock pulse, they store said signal and apply 
it to the databus 5 at the immediately following clock pulse. The databus drivers 
3 therefore are operated in a "clocked" fashion with respect to the data lines and 
control lines. 

For explanation purposes, it is assumed in the following that the assembly 
shown in Figure 2 on the left side (transmitter assembly S) initiates a data transfer 
to the assembly (receiver assembly E) shown on the right side. In a decision 
method (arbitration) known from the multibus, the transmitter assembly initially 
obtains the right to be allowed to access the databus 5. The transmitter assembly 
S therefore is also referred to as bus owner. 

During a first clock pulse, the controller 4 of the transmitter assembly S 
transmits a data word (1-4 byte) to the databus driver of the transmitter assembly 
S. The databus driver 3 stores the data word and converts it into a signal that is 
suitable for the databus 5, whereby said signal is present at the signal lines of the 
databus 5 during the following, second clock. During the second clock pulse, 
these electrical data signals are accepted by the databus driver 3 of the receiver 
assembly 2, they are temporarily stored and are transmitted to the controller 4 of 
the receiving assembly E during the following, third clock pulse. 

This clocked transmission of the signals divides the entire transmission 
path from the controller 4 of the transmitter assembly S to the controller 4 of the 



receiver assembly E into three sections, namely the two sections 13, 15 between 
the controllers 4 and the databus drivers 3 of the respective assembly 2 and the 
section 14 between the two databus drivers 3 of the two assembhes 2, whereby 
said section extends across the signal lines of the databus 5. The signal 
propagation time in the individual sections is significantly shorter than over the 
entire distance between two controllers, as it is necessary for transparent databus 
drivers in order to maintain the signal generated at the controller of the transmitter 
assembly until it is present at the controller of the receiver assembly. Given such 
a databus, the bus frequency can be significantly increased (e.g. up to 40 MHz) as 
a result of the inventively shortened signal propagation times of the individual 
sections [ scctionst [sic] ], which can be 25 ns, for example. Data transmission 
rates of up to 160 Mbyte/s can be obtained by a bus frequency of 40 MHz. 

The databus drivers can be fashioned, for example, with GTL+- drivers of 
the company Texas Instruments, such as the module SN54GTL1655 or 
SN74GTL1655. 

The operation of the inventive databus is subsequently explained in greater 
detail on the basis of the timing diagrams shown in the Figures 4 to 12. 

Figure 4 shows the timing diagram for transmitting a data packet between 
two assemblies on the basis of the control signals SCNO, SCN2, SCN3, SNC4 and 
the address signals/data signals AND. The designations of these signals are 



-47- 



respectively provided with one of the following endings " S", "_B"and " E", 
whereby "-S" means that the signal status in the line section 13 is shown between 
the controller 4 and the databus driver 3 of the transmitter assembly S; the ending 
"_B" means that the signal status in the signal lines of the databus is shown 
5 between the databus drivers 3 of the communicating assemblies (line section 14), 
and the ending "_E" means that the signal in the line section 15 is shown between 
the databus driver 3 and the controller 4 of the receiver assembly E. The signal 
SCNO shows a request phase, whereby the signal is valid in the low status (L = 
request phase). The signal SCN3 indicates the end of the data transmission, 

1 0 whereby the 0/1 -transition or, respectively, low/high-transition represents the 

exact point in time of the end of the data transmission. SCN3 refers to the data- 
ready signal of the transmitter assembly, and SCN4 refers to the data-ready signal 
of the receiver assembly E. The two signals SCN3 and SCN4 are the main 
components of a handshake between the transmitter assembly S and the receiver 

15 assembly E, The handshake has signals SCN5, SCN6 and SCN7 allocated, with 
which the type of error, in a way known from the multibus, is indicated by the 
receiver assembly E given a faulty data transmission. 

The signals AND can comprise 4, 8, 16, 24 or 32 individual signals, for 
2 0 example, whereby the maximum number is limited by the 32 address lines/data 



-48- 



lines of the databus 6. 

The controller 4 of the transmitter assembly generates the request signal 
SCNO at the beginning of a transmission of a data packet and the address of the 
receiver assembly is outputted (see SI in Figure 4). The databus driver 3 of the 
transmitter assembly applies these signals to the signal lines of the databus 5 
during the next clock pulse (S2). The request signal SCNO and the address data 
reach the controller 4 of the receiver assembly E during the third clock pulse (S3); 
the receiver assembly E then reahzes that it is to receive a data packet. The signal 
SCNO is only generated during the duration of a clock pulse. During the second 
clock pulse S2, the controller 4 of the transmitter assembly S generates a data- 
ready signal SCN3, with which it indicates that the transmitter assembly S is 
ready for sending a data block. An identification character is simultaneously 
appUed to the address lines/data lines for the type of data block. These signals 
arrive at the controller 4 of the receiver assembly E at the clock pulse S4. After 
the receiver assembly E has determined the data-ready signal SCN3, it checks 
whether it has sufficiently free storage space for accepting a data packet. The size 
of the data packet is fixed at the initiahzation of the databus and can be 32, 64, 96 
or 128 byte. If there is sufficient storage space at the receiver assembly E for 
accepting a data packet, the controller 4 of the receiver assembly E produces a 
data-ready signal SCN4, which is transmitted to the controller of the transmitter 
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assembly S during three clock pulses (S6 - S8). The receiver assembly E needs 
two clock pulses for accepting the data-ready signal SCN3 of the transmitter 
assembly S, for checking whether there is sufficient storage space and for 
outputting the data-ready signal SCN4. The data-ready signal SCN4 reaches the 
5 controller 4 of the transmitter assembly S during the clock pulse S8. The 

handshake has been acknowledged with the receipt of this signal by the controller 
4 of the transmitter assembly S. 

The controller 4 of the transmitter assembly S sends data words, which 
normally comprise 32 bit, during the acknowledgment of the handshake, starting 

1 0 with the clock pulse S3 through the clock pulse S 1 0. The controller 4 hereby 
sends such a data word per clock pulse, which then, with a delay of two clock 
pulses, arrive [fsiej] at the controller 4 of the receiver assembly E. The data-ready 
signal SCN3 of the transmitter assembly S is active until the last data word has 
been sent. At the same time as the last data word D7 is sent, the controller 4 of 

15 the transmitter assembly S activates the control signal SCN2 (low) in order to 
mark the exact end of the transmission of the data packet at its 0/1 -transition 
(low/high transition). As can be seen from Figure 4, the SCN2 signal is 
synchronously transmitted in the individual transmission sections with the data 
word D7, so that the signal SCN2, during the clock pulse SI 2, is received by the 

2 0 receiver assembly E and also by the other assemblies connected to the signal lines 
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of the databus 5, so that these recognize that the transmission of the data packet 
has been completed. A further data packet now can be transmitted between the 
transmitter assembly and the receiver assembly or the right to access the databus 
signals [fsie}] can be transferred to another assembly in a decision method 
5 (arbitration), which is known from the multibus. 

Since each data packet, which can comprise 8 data words, for example, is 
inventively transmitted by one single handshake, the data words DO - D7 can be 
transmitted with a maximum transmission rate (one data word per clock pulse), 
whereas a comparably long period of time of 7 clock pulses (S2 - S8), for 

1 0 example, is available for processing the handshake. 

Figure 5 shows a similar diagram for transmitting a data packet that 
comprises only one data word DO. The acknowledgment of the handshake by the 
signal SCN4 is received again at the clock pulse S8 by the controller 4 of the 
transmitter assembly S (see transmission process explained on the basis of Figure 

15 4). Only after the handshake has been acknowledged and this acknowledgment 
signal SCN4 has been processed by the transmitter assembly S (clock pulse SIO), 
the controller 4 of the transmitter assembly S ends the output of the signals 
representing the data word DO, so that it is assured that the receiver assembly E is 
capable of receiving the data word DO. Since only one data word DO is 

2 0 transmitted here, it is the "last" data word of the packet why the control signal 
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SCN2 indicating the end of the data transmission is also actively switched (low) 
during the entire time during which the data signals of the data word DO are 
active. 

The timing diagrams of Figure 6 and 7 show a reference read access and a 
5 reference write access. The reference accesses comprise the what is referred to as 
"I/O-space operation" and the "Memory Space Operations", wherein a transmitter 
assembly writes a data word in a register or a memory cell of another assembly or, 
respectively, reads is out from the memory cell. 

Given the reference write access (Figure 6), the process of the control 

1 0 signals SCNO, SCN2, SCN3 and SCN4 exactly corresponds to the process when a 
data packet having one single data word is transmitted (Figure 5). The reference 
write access only differs from this data transfer in that an address ADR composed 
of two data words is initially transmitted at the address lines/data lines and the 
data word DO to be transmitted is subsequently transmitted. A transmitter 

1 5 assembly S initiating a data transfer can read out a memory cell of a receiver 
assembly E with the reference read access (Figure 7). In the same way as the 
previous data transfers, the data transfer is started by initiating a request phase 
with the control signal SCNO and by applying an address ADR, which is 
composed of two data words, to the address lines/data lines. After the request 

2 0 phase, the transmitter assembly S sets the control signals SCN2 and SCN3, 
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whereby it thus indicates that it is ready for accepting the data from the receiver 
assembly E. The receiver assembly E sends a data word DO to the transmitter 
assembly S and simultaneously indicates that the data are vahd in that it places the 
control signal SCN4. The receiver assembly E removes again the data DO and the 
control signal SCN4 when it has recognized the set signals SCN2 and SCN3 of 
the transmitter assembly S. As soon as the transmitter assembly S has recognized 
the set signal SCN4, it takes over the data DO and resets the control signals SCN2 
andSCNS. The data transfer is completed. 

The Figures 8 and 9 show the timing diagrams of an interconnect write 
access and of an interconnect read access. On the basis of these interconnect 
accesses, a data word can be respectively entered or, respectively, read out in a 
what is referred to as interconnect storage space, which is provided at each 
assembly. The memory cells of this storage space are addressed with an address 
ADR that is only composed of a data word. The interconnect accesses therefore 
differ from the reference accesses with respect to the size of the address, whereby 
the operational sequence of the control signals SCO, SCN2, SCN3, SCN4 
corresponds to the transmission of the respective data word DO. 

The reference access and interconnect access is of secondary importance 
for the bus systems, which respectively connect assemblies that are provided with 
a processor, since an interprocessor communication is only possible by means of 
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the above-described data packets (messages). Given multiprocessor systems, the 
reference access and the interconnect access only serve the purpose of initializing 
and diagnosing the system or, respectively, are for the communication with 
periphery devices, which do not have a separate processor control. 

As it is known from the multibus, the control signals ARB (5. . 0) and a 
bus request signal BREQ (bus request) are used for the decision (arbitration). In 
contrast to the address signals/data signals and the control signals, these signals 
are not clocked-in, since the decision lines then cannot be used in a "wired-or- 
modus", which is used for deciding the access rights. The databus driver therefore 
is transparent for these signals. Since one clock pulse period is not sufficient as 
signal runtime from one controller to the other controller for transmitting the 
signals, the databus is provided with an additional clock pulse signal line, 
whereby an auxiliary clock pulse BCLK2 is apphed thereto. The auxiliary clock 
pulse BCLK2 (20 MHz) is generated by dividing the bus frequency by two. 

The signals ARB (5 . . 0) and BREQ are generated by the assembhes in 
the high-phase of the auxiliary clock pulse and are also queried in the high-phase 
of the auxihary clock pulse BCLK2. It is thus assured that at least two clock 
pulse periods of the bus frequency or, respectively, of the bus clock pulse are 
available to the signals as signal runtime. 

As shown in Figure 10, four clock pulses of the bus clock pulse or. 



-54- 



respectively, two clock pulses of the auxiliary clock pulse are used at a minimum 
for the transiency of the decision signals. This period of time that is available to 
the decision signal for the transiency can be extended to 18 clock pulses of the bus 
frequency at a maximum. 

Figure 1 1 shows a diagram showing the termination of a data transmission 
due to an error generated at the receiver assembly E. When the receiver assembly 
E notices an error, it outputs an error code at the same time as the data-ready 
signal SCN4 by means of the control signals SCN4 to SCN7 (not shown). The 
error code outputted by the signals SCN5 to SCN7 corresponds to the error code 
known from the multibus. 

When the receiver assembly E recognizes the error code, it modifies the 
data transfer in that it sets the control signal SCN2. The data transfer is completed 
when the receiver assembly E recognizes the set control signal SCN2. 

It is differentiated between what are referred to as bus errors, which 
generally occur in the databus system, vis-a-vis [fstej] the errors generated with 
respect to the assemblies. Given the inventive databus, the error signal BUSERR 
can be only set by the assemblies, which are a part of the respective data transfer, 
i.e., the transmitter assembly S and the receiver assembly E. All other assemblies 
connected to the databus are either in a resting state or are in the decision phase 
(arbitration). They must leave the arbitration phase and start again when a bus 
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error occurs. The assemblies set the error signal BUSERR when a parity error is 
present at the address/data signals or control signals or when the bus protocol has 
been injured with respect to the control signals. This is to assure that the data 
arriving at an assembly are correct. Given a data transmission by means of a data 
packet, a writing interconnect access and a writing reference access, the error 
signal BUSERR is generated by the receiver assembly. Given a reading 
interconnect access and a reading reference access, wherein a data word is 
transmitted from the receiver assembly to the transmitter assembly, the error 
signal BUSERR is generated by the transmitter assembly. 

It is important about the inventive databus that all signals of a transmitter 
assembly are clocked-in three times before they can be processed by the receiver 
assembly. This is the reason why a bus error is always recognized two or three 
clock pulses later, depending on whether the error has occurred on the transmitter 
assembly or on the databus. hi this case, the receiver assembly sets the error 
signal BUSERR. Given a reading interconnect access or reading reference access, 
the error occurs on the receiver assembly, whereby the transmitter assembly sets 
the error signal BUSERR in the case of an error. 

The chronological delay of the error signal is taken into consideration in 
that the controller of the transmitter assembly, which sends a data packet or 
caiiies out an access, waits for six clock pulses after the end of the data transfer 



until it informs the CPU of the assembly of the status of the data transfer, since an 
error signal can still arrive at this time. 

Since only one single handshake inventively occurs for each data transfer, 
only this one single handshake, i.e. the data-ready signal SCN4, can be checked, 
so that modifications result vis-a-vis the known multibus protocol. 

The parity check is carried out at the subsequently described points in 

time: 

1 . Control signals are always checked. 

2. Address signals/data signals are checked during the request phase. 

3. Address signals/data signals are checked during a response phase of a read 
access following the request phase when SCN4 is set and SCN (7 . . 5) is not set, 
i.e., when a correct handshake is present 

4. Address signals/data signals are checked during the response phase of a write 
access when SCN3 is set and when SCN (7 . .5) is not set, i.e., a correct 
handshake is present. 

A databus protocol injury is determined when 

1. SCNO is set during a response phase, 

2. SCN2 is set in the response phase and SCN3 is not set in the response phase, 

3. SCN5, SCN6 or SCN7 are set during the response phase and SCN4 is not set. 
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4. SCN2 changes during the response phase, whereas SCN3 remains set, and 

5. more data words than fixed during the configuration of the databus system are 
sent during a data transfer by means of data packets. 

The multibus protocol treats the error described in point 5 as an error 
occurring at an assembly. Since the data transfer can be no longer continued after 
this error has occurred and since the error normally occurs after the handshake 
given the inventive method with one single handshake, it is evaluated as a bus 
error. Such a bus error with respect to a data transfer by a data packet is shown in 
the diagram of Figure 12. Nine data words are transmitted here instead of eight 
data words. Therefore, the receiver assembly sets the error signal BUSERR after 
the eighth data word D7. As can be seen fi-om the timing diagram, the transmitter 
assembly has already completed the data transfer on its side before it is informed 
of the error by the receiver assembly. As a result thereof, the controller of the 
transmitter assembly must wait for six clock pulses until it can announce the 
completion of the transfer to the CPU of the assembly, since error messages of the 
receiver assembly can still arrive within this period of time. 

The invention is not limited to a databus that is similar to the multibus but 
can be utilized for each parallel databus. 

The invention can be summarized as follows: 

It relates to a parallel databus having a plurality of parallel signal lines to 
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which a plurality of assemblies can be connected, whereby each assembly has a 
databus driver being in immediate connection with the signal lines and has a 
controller that is connected to the databus driver. This databus is based on the 
known MULTIBUS II. The invention is characterized in that the databus drivers 
are connected to the clock generator of the databus, and that the databus drivers 
are fashioned such that the signals to be transmitted from and to the data and 
control lines are accepted during a clock pulse that is predetermined by the clock 
generator, and are emitted during the following clock pulse. As a result thereof, 
the signaling path between two assemblies connected via the databus is 
interrupted at the databus drivers, so that the signals cover a shorter path section 
during a clock pulse of the databus compared to conventional databuses with 
transparent databus drivers. The individual signal propagation times are thus 
reduced, so that the bus frequency of the databus and therefore the data 
throughput can be significantly increased. 

The invention also relates to a method for the communication of two 
assemblies that are each provided with a processor, whereby data packets are 
exchanged between the assemblies. The inventive method is characterized in that 
each data packet is acknowledged by only one single handshake. As a result of 
this method, data can be transmitted with a maximum transmission rate at the 
databus. 
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Althoush other modifications and changes may be suggested by those 
skilled in the art, it is the intention of the inyentors to embody within the patent 
warranted hereon all changes and modifications as reasonably and properly come 
within the scope of their contribution to the art. 
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[ Rcfcrcncc character list 

4 multibus 

2 assembly 

3 databus driver 

5 4 controller 

5 databus 

6 printer control unit 

9 high-performance printer 

8 I/O-module 

10 9 raster module 

serializer module 

■H pixel bus 

43 clock pulse signal line 

43 line section between the controller and the databus driver in the transmitter 

15 assembly 

44 line section bctw^cen the databus drivers of two communicating assemblies 

45 line section between the controller and the databus driver in the receiver 

assembly ] 
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The claims have been amended as follows: 
We claim: [ Patent claims ] 

l.( Amended) A parallel [ Parallel ] databus assembly, comprising: [ having ] 
a plurality of parallel signal lines; [ to which ] 
5 a plurality of assemblies [ (2) can be ] connected to said plurality of parallel signal 
lines , [ whereby ] each of said assemblies having [ assembly (2) has ] 
a databus driver being in immediate connection with said [the] signal 
lineSi and [has] 

a controller [ (4) that is ] connected to said [the] databus driver [(3)], 
1 0 at least some of said plurality of parallel [ whereby a sub-number of the ] signal 

lines being at least one of [ represent ] data lines for transmitting [the] data 

and control lines for controlling [fee] data transmission of the data via said 

[fee] data lines, [attd] 
a clock generator [fer ] generating a predetermined bus frequency [;] with which 
15 [fee] signals transmitted in said [fee] signal lines are clocked, [ c h a r a c t 

crizcd in that the ] 
said databus drivers being [ (3) arc ] connected to said [fee] clock generator^ [and 

the] said databus drivers being [ (3) arc ] fashioned such that [the] signals to 

be transmitted from and to said [fee] data lines and said control lines are 
2 0 accepted during a clock pulse prescribed by said [fee] clock generator [;] 
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and are emitted during a following clock pulse. 

2. (Amended) A parallel [ Parallel ] databus assembly according to claim 1, 
wherein said 

[ characterized in that the ] clock generator generates a bus frequency of 
at least 20 MHz. 

3. (Amended) A parallel [ rarallcl ] databus assembly according to claim 2, 
wherein said 

[ characterized in that the ] clock generator generates a bus frequency of 
approximately 40 MHz 

4. (Amended) A parallel [ Parallel ] databus assembly according to claim 
[ one of the claims ] L wherein said [ to 3, characterized in that the ] 
databus has 32 data lines. 

5. (Amended) A parallel [ Parallel ] databus assembly according to claim 1, 
wherein further ones of said plurality of parallel [ one of the claims 1 to 4, e h a r a 
ctcrizcd in thata further sub - number of the ] signal lines are fashioned as 
decision lines for deciding which of said plurality of assemblies [assembly] 



coimected to said parallel [the] signal lines has access priority, and [ whereby the 
decision lines arc connected to ] 

said databus drivers having non-clocked open-drain outputs connected to 
said decision lines [ of the respective databus drivers (3), so that they form ] a 
wired-or logic is formed . 

6. (Amended) A parallel [ Parallel ] databus assembly according to claim 5, 
further comprising: [ characterized in that ] 

a device for generating an auxiliary clock pulse [ (DCLK2 ] with a lower frequency 
than the bus frequency is provided for driving the decision lines. 

7. (Amended) A parallel [ Parallel ] databus assembly according to claim 6, 
wherein said [ characterized in that the ] device for generating an 
auxiliary clock pulse is a frequency divider. 

8. (Amended) A parallel [ Parallel ] databus assembly according to claim 1 . 
wherein [ one of the claims 1 to 7, characterized in that the ] outputs of 
the databus driver [(3)] leading to the controller [(4)] are fashioned as low- 
voltage TTL outputs. 
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9. (Amended) A parallel [ Parallel ] databus assembly according to claim L 
wherein said [ one of the claims 1 to 8, characterized in that the ] signal 
lines have a physical expanse of at least 40 cm. 

10. (Amended) A parallel [ Parallel ] databus assembly according to claim 
L wherein said [ one of the claims 1 to S, characterized in that the ] 
signal lines haye a physical expanse of at least 50 cm. 

1 1 . (Amended) A parallel [ Parallel ] databus assembly according to claim 
L further comprising: [ one of the claims 1 to 10, c h a r a c t c r i z c d in that ] 
a processor for a plurality of the assembhes [(2)] that are connected to the signal 

lines [ arc rcspcctiycly provided with a processor ]. 

12. (Amended) A parallel [ Parallel ] databus assembly according to claim 
1, wherein said [ one of the claims 1 to 11, characterized in that the ] 
databus [(5)] is multibus-compatible. 

13. (Amended) A method [ Method ] for [=ftte] communication of two 
15 assemblies [(2);] which are each connected to a processor [-] by [ means of ] a 

parallel databus . comprising the steps of: [ (5) according to one of the claims 1 to 
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12, whereby ] 

exchanging data packets [ (messages) arc exchanged ] between the two assemblies^ 

and [ (2), characterized in that ] 
acknowledging each data packet [ is acknowledged ] by only one single handshake. 

14. (Amended) A method [ Method ] according to claim 13, wherein said 
[ characterized in that a ] handshake includes [ respectively comprises ] a 
data-ready signal [ (SCN3) ] of the transmitter assembly [(3)] and a data-ready 
signal [ (SCN4) ] of the receiver assembly [(3)], [ whereby ] the data-ready signal 
[(SCN3)] of the transmitter assembly being [ (2) is ] sent to the receiver assembly 
[(2)] at a [the] beginning of the data transfer, and the receiver assembly sending a 
[ sends its ] data-ready signal [(SCN4)] to the receiver assembly [(2)] after the data- 
ready signal [(SCN3)] of the transmitter assembly [(2)] has been received. 

15. (Amended) A method [ Method ] according to claim 14, wherein said [e 
haractcrizcd in that the ] transmitter assembly [(2)] only sends its data- 
ready signal [(SCN3)] when a [fee] complete data packet is present on said [tttts] 
assembly [(2)]. 



16. (Amended) A method [ Method ] according to claim 14 [ or 15 ], fiirther 
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comprising the step of: 

setting a [ characterized in that the ] maximum size of the data packets 

[ is set ] to a predetermined value, and 
only sending a data-ready signal from the receiver assembly [ (2) only sends its 
5 data - ready signal (SCN4) ] when there is sufficient storage space on the receiver 
assembly [(2)]. 



17. (Amended) A method [ Method ] according to claim 16, wherein said 
step of determining a maximum size determines one of r charactcrizcd in 
that ] 32 byt es and [,] 64 byt es and [,] 96 byte s and 128 bytes [^ 
1 0 determined ] as the maximum size of the data packets. 



18. (Amended) A printer [ Printer ] control unit for high-performance 
printers , comprising: [ having ] 
an I/O-modulCj 

at least one [ or more ] raster modules [(9)] and 
15 a serializer module [(W)], [ whereby the modules (8 to 10) each have ] 

a processor for each of said modules, and [ characterized in that the 

modules arc connected to ] 
a parallel databus [ according to one of the claims 1 to 12 ]. 
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A new abstract is added as follows: 

ABSTRACT OF THE DISCLOSURE 
A parallel databus assembly and method includes modules connected to 
parallel signal lines, each of the modules having a databus driver being in 
5 immediate connection with the signal lines and a controller connected to the 
databus driver. At least some of the parallel signal lines are data lines for 
transmitting data or control lines for controlling the data transmission of the data 
via the data lines. A clock generator for generating a bus frequencv with which 
the signals transmitted in the signal lines are clocked is connected to the databus 
10 drivers. The databus drivers are fashioned such that the signals to be transmitted 
jSrom and to the data lines and the control lines are accepted during a clock pulse 
prescribed by the clock generator and are emitted during a following clock pulse. 
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DATABUS AND METHOD FOR THE COMMUNICATION OF TWO 
ASSEMBLIES BY MEANS O F SUCH A DATABUS 

The invention relates to a parallel databus and to a method for the communication of 
two assemblies by means of such a databus. The invention particularly refers to a 
5 parallel databus, which is suitable for a multiprocessor architecture. Given such a 
multiprocessor architecture, a plurality of processor systems basically having equal 
rights can communicate with one another via the databus. 

The multibus 11 (multibus is a registered trademark of the hitel Corporation) 
represents such a databus. The multibus n is a synchronized bus defined in IEEE 
10 Standard for a High-Performance Synchronous 32-bit bus: MULTIBUS II, The 

Institute of Electrical and Electronics Engineers, Inc., 345 East 47'^' Street, NY 10017, 
USA, 1988. In order to make it more simple, the ''MULTIBUS 11" is referred to as 
"multibus" in the following. 

The hardware realization of such a multibus consists of a backplan [sic], in which the 
1 5 signal lines of the bus are arranged and which are provided with approximately 20 

cable connectors, whereby an assembly can be respectively connected thereto. Figure 
3 schematically shows two assemblies 2 that are connected via a multibus 1 . Each 
assembly 2 has a databus driver 3 that is immediately connected to the signal lines of 
the multibus 1 and has a controller 4 that is connected to the databus driver 3. The 
2 0 controller 4, in turn, is connected to the electronic physical units of the assembly 2, 
These electronic physical units can have a processor or merely represent a passive 
digital circuit. 

The controller 4, corresponding to the protocol of the multibus 1, logically edits the 
data generated by the electronic physical units and forwards them to the databus driver 
2 5 3. The databus driver 3 converts the data into electrical data signals that are 



appropriate for the multibus and applies the electrical data signals to the signal lines. 
Data signals coming from the multibus 1, in a reversed way, are accepted by the 
databus driver, which forwards the data to the controller 4. The controller 4 
correspondingly edits the data for the processing by the electronic physical units. 

The databus drivers are transparent electronic physical units, i.e., the respective 
corresponding input side and output side of the databus driver assumes the same 
logical value. Since the databus drivers are transparently fashioned, an active 
connection between two assemblies 2 is logically through-switched from the 
controller 4 of the one assembly 2 to the controller 4 of the other assembly 2. 

The signal propagation time between the two controllers 4 limits the maximum 
transmission frequency or, respectively, bus frequency. Corresponding to the 
aforementioned IEEE standard, the bus frequency is 10 MHz. A transmission rate of 
40 byte/s is obtained by such a bus frequency. 

A study "20MHZ MULTIBUS H PARALLEL SYSTEM BUS INVESTIGATION, 
TAUFIK MA, INTEL CORPORATION, 8 APRIL, 1991" planned to operate the 
muhibus with a bus frequency of 20 MHz. For this purpose, extensive adaptations 
and modifications have been proposed in order to optimize the individual runtimes 
between the controllers and databus diivers or, respectively, between the databus 
drivers connected via the multibus. The aim of this study is to operate a multibus 
having 10 assembhes at a maximum and 20 MHz, and to operate a muhibus having 20 
assemblies at a maximum and 16 MHz. The signal propagation time between the 
controllers of two assembhes would have to be reduced to 50 ns or less. The result of 
this study is that such an "accelerated" multibus is theoretically possible, however, 
there would be a considerable developing outlay until its actual realization. Younger 
data busses, such as the PCI bus, do not have bus drivers in order to obtain faster 
access to the signal lines of the databus and therefore obtain a higher throughput. 
These data busses, however, are limited with respect to the number of assemblies to 
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be connected at a maximum, which is normally clearly smaller than 1 0, and its 
physical expanse is limited to 10 cm, for example. On the other hand, a multibus can 
be up to 50 cm long and can connect 20 assemblies to one another, whereby a 
plurality of assemblies can represent processor systems of equal rights. 

5 "Farber, G., Bussysteme, R. Oldenbourg Verlag, Munich 1987 (2. edition)" describes 
functions and structures of bus systems on the pages 16-19. On page 19, image 13 
shows a handshake transmission. The article ''Packer, Stephen et. al., Message 
Passing Supports Multiple Processor Design, Computer Design" of 15 June 1984, 
pages 1 17 - 120, 122 and 124 describes measures for improving the communication in 
1 0 the multibus II. 

An object of the invention is to create a parallel databus, which allows a high data 
throughput and which still has the advantages of the known multibus, such as the high 
number of connectable assembUes, the large physical expanse and the possibility of a 
multiprocessor architecture. Another object of the present invention is to create a 
1 5 method for the communication between two assemblies, which are respectively 
provided with a processor, by such a databus. 

This object is achieved by a parallel databus having the features of claim 1 and by a 
method having the features of claim 13. Advantageous embodiments of the invention 
are cited in the subclaims. 

2 0 The inventive parallel databus has a plurality of parallel signal hnes, whereby a 
plurality of assemblies can be connected thereto, whereby each assembly has a 
databus driver being in immediate connection with the signal lines and a controller 
that is connected to the databus driver, whereby a sub-number of the signal lines 
represent data hues for transmitting the data and control lines for controlling the data 

25 transmission of the data via the data lines, and is provided with a clock generator for 
generating a predetermined bus frequency, with which the signals transmitted in the 



signal lines are clocked. This parallel databus is characterized in that the databus 
drivers are connected to the clock generator and in that the databus drivers are 
fashioned such that the signals to be transmitted from and to the data lines and control 
lines are accepted during a clock pulse prescribed by a clock generator and are emitted 
during a subsequent clock pulse. In this way, a signal to be transmitted from one 
assembly to another assembly, during a first clock pulse, is transmitted from the 
controller of the transmitter assembly to the databus driver of the transmitter 
assembly, is transmitted from the databus driver of the transmitter assembly via the 
signal lines to the databus driver of the receiving assembly during a second clock 
pulse and is transmitted from the databus driver of the receiving assembly to the 
controller of the receiving assembly during a third clock pulse. During a clock pulse, 
the signals are merely transmitted between a controller and a databus driver of an 
assembly or between two databus drivers of two different assemblies, so that the 
physical signal path is kept short. These short signal paths allow correspondingly 
short signal propagation times, which can be kept less than or equal to 25 ns, for 
example, so that a bus clock pulse, for example, of 40 MHz is possible. As a result 
thereof, the data throughput is considerably increased, although all advantages known 
about the multibus are kept. 

The method cited in claim 13 for the communication of two assemblies, which 
respectively have a processor, by such a parallel databus is characterized in that the 
data packets are merely acknowledged by one single handshake when the data packets 
are exchanged between the two assemblies. Therefore, the handshake can be 
fashioned so as to be distributed over a number of clock pulses, whereas the data 
packet can be transmitted with maximum transmission speed ( = one data word per 
clock pulse). 

The invention is subsequently explained on the basis of an exemplaiy embodiment 
shown in the drawing. Schematically shown are: 



Figure 1 



a printer control unit with an inventive databus, 



Figure 2 



two assemblies connected via an inventive databus, 



Figure 3 



two assemblies connected via a known databus, and 



Figure 4-12 



timing diagrams for explaining the signal transmission by means of 



the inventive databus. 



The inventive parallel databus 5 is subsequently explained in greater detail on the 
basis of a printer control unit 6 for high-performance printers 7. Such a printer 
control unit 6 has an I/O module 8, one or more raster modules 9 and a serializer 
module 10. The individual modules 8 to 10 are connected to one another via the 
databus 5. The raster modules 9 and the serializer module 10 are connected to one 
another via a further pixel bus 1 1 . 

The I/O module 8 receives the bits of printing information from a computer means, 
which can be a large computer system or also a computer network. The I/O module 8 
forwards the printing information to the raster modules 9 and the serializer module 10, 
whereby the raster modules 9 receive the bits of printing format information and 
convert them into a printing format data stream that can be processed by the high- 
performance printer 7. These printing format data streams are transmitted by the 
raster modules 9 via the pixel bus 1 1 to the serializer module 10, which lines up the 
data streams in a predetermined sequence and forwards them to the high-performance 
printer 7. 

The modules 8 to 10 represent assemblies 2 that are respectively connected to the 
databus 5, whereby each assembly has a databus driver 3 and a controller 4 (Figure 2). 
The databus 5 corresponds to the multibus II (multibus is a registered trademark of 
Intel Corp.), as it is defined in IEEE standard for *'High Performance Synchronous 32- 



Bit Bus: MULTIBUS n The Institute of Electrical and Electronics Engineers, Inc., 
345 East 47'^ Street, NY 10017, USA, 1998", apart from the changed cited in the 
following description. 

The hardware realization of this databus 5 is composed of a backplan [sic], in which 
5 the signal lines of the bus are arranged and which are provided with 20 to 25 cable 
connectors to which an assembly 2 can be respectively connected. The CSM module 
(Central Services Module), which executes specific start routines and which initializes 
the individual assemblies, represents such an assembly known from the multibus. The 
CSM module has a clock generator, which applies a clock signal oscillating with a 
1 0 predetermined bus frequency to a clock signal line of the databus 5 . The bus 
frequency is 40 MHz in the present exemplary embodiment. 

The databus drivers 3 of each assembly 2 are connected to the clock signal line 12, 
whereby the input and output of the databus drivers 3 can be clocked corresponding to 
the bus frequency or, respectively, the bus clock pulse. 

15 In addition to the clock signal line 12, the databus 5 has further lines, such as 32 data 
lines for transmitting the data, control lines for controlling the data transmission, 
decision lines for deciding (arbitration), whichen [sic] assembly is allowed to access 
the databus 5, address lines and one or more lines for the supply voltage and ground. 
In the present exemplary embodiment, the same lines are used for transmitting the 

2 0 addresses and the data, so that combined address lines/data lines are present. 

The databus drivers 3 are inventively connected to the clock signal line 12 and are 
fashioned such that the signals to be transmitted from and to the data lines and control 
lines are accepted during a clock pulse prescribed by a clock generator and are 
outputted during the following clock pulse. The part of the databus driver 3, which 
2 5 operates the data lines and control lines, therefore is fashioned as a non- transparent 
electronic component with a temporary storing fimction, as it can be realized by a D- 



flip-flop, for example. These databus drivers 3, during a clock pulse, therefore accept 
the signals of the data Hnes and control lines coming from the databus 5, they store 
them and output them to the respective controller 4 during the immediately following 
clock or, respectively, they accept a signal coming from the controller 4 during a clock 
pulse, they store said signal and apply it to the databus 5 at the immediately following 
clock pulse. The databus drivers 3 therefore are operated in a "clocked" fashion with 
respect to the data lines and control lines. 

For explanation purposes, it is assumed in the following that the assembly shown in 
Figure 2 on the left side (transmitter assembly S) initiates a data transfer to the 
assembly (receiver assembly E) shown on the right side, hi a decision method 
(arbitration) known from the multibus, the transmitter assembly initially obtains the 
right to be allowed to access the databus 5. The transmitter assembly S therefore is 
also referred to as bus owner. 

During a first clock pulse, the controller 4 of the transmitter assembly S transmits a 
data word (1-4 byte) to the databus driver of the transmitter assembly S. The databus 
driver 3 stores the data word and converts it into a signal that is suitable for the 
databus 5, whereby said signal is present at the signal lines of the databus 5 during the 
following, second clock. During the second clock pulse, these electrical data signals 
are accepted by the databus driver 3 of the receiver assembly 2, they are temporarily 
stored and are transmitted to the controller 4 of the receiving assembly E during the 
following, third clock pulse. 

This clocked transmission of the signals divides the entire transmission path from the 
controller 4 of the transmitter assembly S to the controller 4 of the receiver assembly 
E into three sections, namely the two sections 13, 15 between the controllers 4 and the 
databus drivers 3 of the respective assembly 2 and the section 14 between the two 
databus drivers 3 of the two assemblies 2, whereby said section extends across the 
signal lines of the databus 5. The signal propagation time in the individual sections is 
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significantly shorter than over the entire distance between two controllers, as it is 
necessary for transparent databus drivers in order to maintain the signal generated at 
the controller of the transmitter assembly until it is present at the controller of the 
receiver assembly. Given such a databus, the bus frequency can be significantly 
increased (e.g. up to 40 MHz) as a result of the inventively shortened signal 
propagation times of the individual sectionst [sic], which can be 25 ns, for example. 
Data transmission rates of up to 160 Mbyte/s can be obtained by a bus frequency of 40 
MHz. 

The databus drivers can be fashioned, for example, with GTL+- drivers of the 
company Texas histruments, such as the module SN54GTL1655 or SN74GTL1655. 

The operation of the inventive databus is subsequently explained in greater detail on 
the basis of the timing diagrams shown in the Figures 4 to 12. 

Figure 4 shows the timing diagram for transmitting a data packet between two 
assemblies on the basis of the control signals SCNO, SCN2, SCN3, SNC4 and the 
address signals/data signals ADN, The designations of these signals are respectively 
provided with one of the following endings "_S", "_B"and "_E'\ whereby "-S" means 
that the signal status in the hne section 13 is shown between the controller 4 and the 
databus driver 3 of the transmitter assembly S; the ending "_B" means that the signal 
status in the signal lines of the databus is shown between the databus drivers 3 of the 
communicating assemblies (line section 14), and the ending '*_E" means that the 
signal in the line section 15 is shown between the databus driver 3 and the controller 4 
of the receiver assembly E. The signal SCNO shows a request phase, whereby the 
signal is valid in the low status (L = request phase). The signal SCN3 indicates the 
end of the data transmission, whereby the 0/1 -transition or, respectively, low/high- 
transition represents the exact point in time of the end of the data transmission. SCN3 
refers to the data-ready signal of the transmitter assembly, and SCN4 refers to the 
data-ready signal of the receiver assembly E. The two signals SCN3 and SCN4 are 



the main components of a handshake between the transmitter assembly S and the 
receiver assembly E, The handshake has signals SCN5, SCN6 and SCN7 allocated, 
with which the type of error, in a way known from the multibus, is indicated by the 
receiver assembly E given a faulty data transmission. 

The signals AND can comprise 4, 8, 16, 24 or 32 individual signals, for example, 
whereby the maximum number is limited by the 32 address lines/data lines of the 
databus 6. 

The controller 4 of the transmitter assembly generates the request signal SCNO at the 
beginning of a transmission of a data packet and the address of the receiver assembly 
is outputted (see SI in Figure 4). The databus driver 3 of the transmitter assembly 
applies these signals to the signal lines of the databus 5 during the next clock pulse 
(S2). The request signal SCNO and the address data reach the controller 4 of the 
receiver assembly E during the third clock pulse (S3); the receiver assembly E then 
realizes that it is to receive a data packet. The signal SCNO is only generated during 
the duration of a clock pulse. During the second clock pulse S2, the controller 4 of 
the transmitter assembly S generates a data-ready signal SCN3, with which it indicates 
that the transmitter assembly S is ready for sending a data block. An identification 
character is simultaneously applied to the address lines/data lines for the type of data 
block. These signals arrive at the controller 4 of the receiver assembly E at the clock 
pulse S4. After the receiver assembly E has determined the data-ready signal SCN3, 
it checks whether it has sufficiently free storage space for accepting a data packet. 
The size of the data packet is fixed at the initialization of the databus and can be 32, 
64, 96 or 128 byte. If there is sufficient storage space at the receiver assembly E for 
accepting a data packet, the controller 4 of the receiver assembly E produces a data- 
ready signal SCN4, which is transmitted to the controller of the transmitter assembly 
S during three clock pulses (S6 - SB). The receiver assembly E needs two clock 
pulses for accepting the data-ready signal SCN3 of the transmitter assembly S, for 
checking whether there is sufficient storage space and for outputting the data-ready 
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signal SCN4. The data-ready signal SCN4 reaches the controller 4 of the transmitter 
assembly S during the clock pulse S8. The handshake has been acknowledged with 
the receipt of this signal by the controller 4 of the transmitter assembly S. 

The controller 4 of the transmitter assembly S sends data words, which normally 
5 comprise 32 bit, during the acknowledgment of the handshake, starting with the clock 
pulse S3 through the clock pulse SIO. The controller 4 hereby sends such a data word 
per clock pulse, which then, with a delay of two clock pulses, arrive [sic] at the 
controller 4 of the receiver assembly E. The data-ready signal SCN3 of the 
transmitter assembly S is active until the last data word has been sent. At the same 

1 0 time as the last data word D7 is sent, the controller 4 of the transmitter assembly S 
activates the control signal SCN2 (low) in order to mark the exact end of the 
transmission of the data packet at its 0/1 -transition (low/high transition). As can be 
seen from Figure 4, the SCN2 signal is synchronously transmitted in the individual 
transmission sections with the data word D7, so that the signal SCN2, during the 

1 5 clock pulse S 1 2, is received by the receiver assembly E and also by the other 

assemblies connected to the signal lines of the databus 5, so that these recognize that 
the transmission of the data packet has been completed. A further data packet now 
can be transmitted between the transmitter assembly and the receiver assembly or the 
right to access the databus signals [sic] can be transfen-ed to another assembly in a 

2 0 decision method (arbitration), which is known from the multibus. 

Since each data packet, which can comprise 8 data words, for example, is inventively 
transmitted by one single handshake, the data words DO - D7 can be transmitted with 
a maximum transmission rate (one data word per clock pulse), whereas a comparably 
long period of time of 7 clock pulses (S2 - S8), for example, is available for 
2 5 processing the handshake. 

Figure 5 shows a similar diagram for transmitting a data packet that comprises only 
one data word DO. The acknowledgment of the handshake by the signal SCN4 is 



received again at the clock pulse S8 by the controller 4 of the transmitter assembly S 
(see transmission process explained on the basis of Figure 4). Only after the 
handshake has been acknowledged and this acknowledgment signal SCN4 has been 
processed by the transmitter assembly S (clock pulse SIO), the controller 4 of the 
transmitter assembly S ends the output of the signals representing the data word DO, 
so that it is assured that the receiver assembly E is capable of receiving the data word 
DO. Since only one data word DO is transmitted here, it is the ''last" data word of the 
packet why the control signal SCN2 indicating the end of the data transmission is also 
actively switched (low) during the entire time during which the data signals of the 
data word DO are active. 

The timing diagrams of Figure 6 and 7 show a reference read access and a reference 
write access. The reference accesses comprise the what is referred to as "I/O-space 
operation" and the "Memory Space Operations", wherein a transmitter assembly 
writes a data word in a register or a memory cell of another assembly or, respectively, 
reads is out from the memory cell. 

Given the reference write access (Figure 6), the process of the control signals SCNO, 
SCN2, SCN3 and SCN4 exactly corresponds to the process when a data packet having 
one single data word is transmitted (Figure 5). The reference write access only differs 
from this data transfer in that an address ADR composed of two data words is initially 
transmitted at the address lines/data hnes and the data word DO to be transmitted is 
subsequently transmitted. A transmitter assembly S initiating a data transfer can read 
out a memory cell of a receiver assembly E with the reference read access (Figure 7). 
In the same way as the previous data transfers, the data transfer is started by initiating 
a request phase with the control signal SCNO and by applying an address ADR, which 
is composed of two data words, to the address lines/data lines. After the request 
phase, the transmitter assembly S sets the control signals SCN2 and SCN3, whereby it 
thus indicates that it is ready for accepting the data from the receiver assembly E, The 
receiver assembly E sends a data word DO to the transmitter assembly S and 
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simultaneously indicates that the data are valid in that it places the control signal 
SCN4. The receiver assembly E removes again the data DO and the control signal 
SCN4 when it has recognized the set signals SCN2 and SCN3 of the transmitter 
assembly S. As soon as the transmitter assembly S has recognized the set signal 
SCN4, it takes over the data DO and resets the control signals SCN2 and SCN3. The 
data transfer is completed. 

The Figures 8 and 9 show the timing diagrams of an interconnect write access and of 
an interconnect read access. On the basis of these interconnect accesses, a data word 
can be respectively entered or, respectively, read out in a what is referred to as 
interconnect storage space, which is provided at each assembly. The memory cells of 
this storage space are addressed with an address ADR that is only composed of a data 
word. The interconnect accesses therefore differ from the reference accesses with 
respect to the size of the address, whereby the operational sequence of the control 
signals SCO, SCN2, SCN3, SCN4 corresponds to the transmission of the respective 
data word DO. 

The reference access and interconnect access is of secondary importance for the bus 
systems, which respectively connect assembhes that are provided with a processor, 
since an interprocessor communication is only possible by means of the above- 
described data packets (messages). Given multiprocessor systems, the reference 
access and the interconnect access only serve the purpose of initializing and 
diagnosing the system or, respectively, are for the communication with periphery 
devices, which do not have a separate processor control. 

As it is known from the multibus, the control signals ARB (5, . 0) and a bus request 
signal BREQ (bus request) are used for the decision (arbitration), hi contrast to the 
address signals/data signals and the control signals, these signals are not clocked-in, 
since the decision lines then cannot be used in a "wired-or-modus", which is used for 
deciding the access rights. The databus driver therefore is transparent for these 



13 

signals. Since one clock pulse period is not sufficient as signal rantime from one 
controller to the other controller for transmitting the signals, the databus is provided 
with an additional clock pulse signal line, whereby an auxiliary clock pulse BCLK2 is 
applied thereto. The auxiliary clock pulse BCLK2 (20 MHz) is generated by dividing 
the bus frequency by two. 

The signals ARB (5 . . 0) and BREQ are generated by the assemblies in the high- 
phase of the auxihary clock pulse and are also queried in the high-phase of the 
auxiliary clock pulse BCLK2. It is thus assured that at least two clock pulse periods 
of the bus frequency or, respectively, of the bus clock pulse are available to the signals 
as signal runtime. 

As shown in Figure 10, four clock pulses of the bus clock pulse or, respectively, two 
clock pulses of the auxiliary clock pulse are used at a minimum for the transiency of 
the decision signals. This period of time that is available to the decision signal for the 
transiency can be extended to 18 clock pulses of the bus frequency at a maximum. 

Figure 1 1 shows a diagram showing the termination of a data transmission due to an 
error generated at the receiver assembly E. When the receiver assembly E notices an 
error, it outputs an error code at the same time as the data-ready signal SCN4 by 
means of the control signals SCN4 to SCN7 (not shown). The error code outputted by 
the signals SCN5 to SCN7 corresponds to the error code known from the multibus. 

When the receiver assembly E recognizes the error code, it modifies the data transfer 
in that it sets the control signal SCN2. The data transfer is completed when the 
receiver assembly E recognizes the set control signal SCN2, 

It is differentiated between what are referred to as bus errors, which generally occur in 
the databus system, vis-a-vis [sic] the errors generated with respect to the assemblies. 
Given the inventive databus, the error signal BUSERR can be only set by the 
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assemblies, which are a part of the respective data transfer, i.e., the transmitter 
assembly S and the receiver assembly E. All other assemblies connected to the 
databus are either in a resting state or are in the decision phase (arbitration). They 
must leave the arbitration phase and start again when a bus error occurs. The 
5 assemblies set the error signal BUSERR when a parity error is present at the 

address/data signals or control signals or when the bus protocol has been injured with 
respect to the control signals. This is to assure that the data arriving at an assembly 
are correct. Given a data transmission by means of a data packet, a writing 
interconnect access and a writing reference access, the error signal BUSERR is 
1 0 generated by the receiver assembly. Given a reading interconnect access and a 
reading reference access, wherein a data word is transmitted from the receiver 
assembly to the transmitter assembly, the error signal BUSERR is generated by the 
transmitter assembly. 

It is important about the inventive databus that all signals of a transmitter assembly 
1 5 are clocked-in three times before they can be processed by the receiver assembly. 

This is the reason why a bus error is always recognized two or three clock pulses later, 
depending on whether the error has occurred on the transmitter assembly or on the 
databus. hi this case, the receiver assembly sets the error signal BUSERR. Given a 
reading interconnect access or reading reference access, the error occurs on the 
2 0 receiver assembly, whereby the transmitter assembly sets the error signal BUSERR in 
the case of an error. 

The chronological delay of the error signal is taken into consideration in that the 
controller of the transmitter assembly, which sends a data packet or carries out an 
access, waits for six clock pulses after the end of the data transfer until it informs the 
2 5 CPU of the assembly of the status of the data transfer, since an error signal can still 
arrive at this time. 
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Since only one single handshake inventively occurs for each data transfer, only this 
one single handshake, i.e. the data-ready signal SCN4, can be checked, so that 
modifications result vis-a-vis the known multibus protocol. 

The parity check is carried out at the subsequently described points in time: 

5 1. Control signals are always checked. 

2. Address signals/data signals are checked during the request phase. 

3. Address signals/data signals are checked during a response phase of a read access 
following the request phase when SCN4 is set and SCN (7 . . 5) is not set, i.e., when a 
correct handshake is present. 

10 4. Address signals/data signals are checked during the response phase of a write 

access when SCN3 is set and when SCN (7 . .5) is not set, i.e., a correct handshake is 
present. 

A databus protocol injury is determined when 
1 . SCNO is set during a response phase, 
15 2. SCN2 is set in the response phase and SCN3 is not set in the response phase, 

3. SCN5, SCN6 or SCN7 are set during the response phase and SCN4 is not set, 

4. SCN2 changes during the response phase, whereas SCN3 remains set, and 

5. more data words than fixed during the configuration of the databus system are sent 
during a data transfer by means of data packets. 
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The multibus protocol treats the error described in point 5 as an error occurring at an 
assembly. Since the data transfer can be no longer continued after this error has 
occurred and since the error normally occurs after the handshake given the inventive 
method with one single handshake, it is evaluated as a bus error. Such a bus error 
5 with respect to a data transfer by a data packet is shown in the diagram of Figure 12. 
Nine data words are transmitted here instead of eight data words. Therefore, the 
receiver assembly sets the error signal BUS ERR after the eighth data word D7. As 
can be seen from the timing diagram, the transmitter assembly has already completed 
the data transfer on its side before it is informed of the error by the receiver assembly. 
10 As a result thereof, the controller of the transmitter assembly must wait for six clock 
pulses until it can announce the completion of the transfer to the CPU of the 
assembly, since error messages of the receiver assembly can still arrive within this 
period of time. 

The invention is not limited to a databus that is similar to the multibus but can be 
1 5 utilized for each parallel databus. 

The invention can be summarized as follows: 

It relates to a parallel databus having a plurahty of parallel signal lines to which a 
plurality of assemblies can be connected, whereby each assembly has a databus driver 
being in immediate connection with the signal lines and has a controller that is 

2 0 connected to the databus driver. This databus is based on the known MULTIBUS 11. 
The invention is characterized in that the databus drivers are connected to the clock 
generator of the databus, and that the databus drivers are fashioned such that the 
signals to be transmitted from and to the data and control lines are accepted during a 
clock pulse that is predetermined by the clock generator, and are emitted during the 

2 5 following clock pulse. As a result thereof, the signaling path between two assemblies 
connected via the databus is interrupted at the databus drivers, so that the signals 
cover a shorter path section during a clock pulse of the databus compared to 
conventional databuses with transparent databus drivers. The individual signal 
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propagation times are thus reduced, so that the bus frequency of the databus and 
therefore the data throughput can be significantly increased. 

The invention also relates to a method for the communication of two assemblies that 
are each provided with a processor, whereby data packets are exchanged between the 
assemblies. The inventive method is characterized in that each data packet is 
acknowledged by only one single handshake. As a result of this method, data can be 
transmitted with a maximum transmission rate at the databus. 
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Reference character list 



1 multibus 

2 assembly 

3 databus driver 
5 4 controller 

5 databus 

6 printer control unit 

7 high-performance printer 

8 I/O-module 
10 9 raster module 

1 0 serializer module 

1 1 pixel bus 

12 clock pulse signal line 

13 line section between the controller and the databus driver in the transmitter 
1 5 assembly 

14 line section between the databus drivers of two communicating assemblies 

1 5 line section between the controller and the databus driver in the receiver 
assembly 
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Patent claims 

1. Parallel databus having 

a plurality of parallel signal lines to which a plurality of assemblies (2) can be 
connected, whereby each assembly (2) has a databus driver being in immediate 
5 connection with the signal lines and has a controller (4) that is connected to the 

databus driver (3), whereby a sub-number of the signal lines represent data lines for 
transmitting the data and control lines for controlling the data transmission of the data 
via the data lines, and 

a clock generator for generating a predetermined bus frequency, with which the 
1 0 signals transmitted in the signal lines are clocked, 
characterized in that 

the databus drivers (3) are connected to the clock generator and the databus drivers (3) 
are fashioned such that the signals to be transmitted from and to the data and control 
lines are accepted during a clock pulse prescribed by the clock generator, and are 
1 5 emitted during a following clock pulse. 

2. Parallel databus according to claim 1, 
characterized in that 

the clock generator generates a bus frequency of at least 20 MHz. 

3. Parallel databus according to claim 2, 
20 characterized in that 

the clock generator generates a bus frequency of approximately 40 MHz 

4. Parallel databus according to one of the claims 1 to 3, 
characterized in that 

the databus has 32 data lines. 

2 5 5. Parallel databus according to one of the claims 1 to 4, 
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characterized in that 

a further sub-number of the signal hnes are fashioned as decision hnes for deciding 
which assembly cormected to the signal lines has access priority, whereby the decision 
lines are connected to non-clocked open-drain outputs of the respective databus 
5 drivers (3), so that they form a wired-or logic. 

6. Parallel databus according to claim 5, 
characterized in that 

a device for generating an auxiliary clock pulse (BCLK2 with a lower frequency than 
the bus frequency is provided for driving the decision lines. 

10 7. Parallel databus according to claim 6, 
characterized in that 

the device for generating an auxiliary clock pulse is a frequency divider. 

8. Parallel databus according to one of the claims 1 to 7, 
characterized in that 

15 the outputs of the databus driver (3) leading to the controller (4) are fashioned as low- 
voltage TTL outputs. 

9. Parallel databus according to one of the claims 1 to 8, 
characterized in that 

the signal lines have a physical expanse of at least 40 cm. 

2 0 10. Parallel databus according to one of the claims 1 to 8, 
characterized in that 

the signal lines have a physical expanse of at least 50 cm. 

11. Parallel databus according to one of the claims 1 to 10, 
characterized in that 
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a plurality of the assemblies (2) that are connected to the signal lines are respectively 
provided with a processor. 

12. Parallel databus according to one of the claims 1 to 11, 
characterized in that 

5 the databus (5) is multibus-compatible. 

13. Method for the communication of two assemblies (2), which are each connected 
to a processor, by means of a parallel databus (5) according to one of the claims 1 to 
12, whereby data packets (messages) are exchanged between the two assemblies (2), 
characterized in that 

1 0 each data packet is acknowledged by only one single handshake. 

14. Method according to claim 13, 
characterized in that 

a handshake respectively comprises a data-ready signal (SCN3) of the transmitter 
assembly (2) and a data-ready signal (SCN4) of the receiver assembly (2), whereby 
15 the data-ready signal (SCN3) of the transmitter assembly (2) is sent to the receiver 

assembly (2) at the beginning of the data transfer, and the receiver assembly sends its 
data-ready signal (SCN4) to the receiver assembly (2) after the data-ready signal 
(SCN3) of the transmitter assembly (2) has been received. 

15. Method according to claim 14, 
20 characterized in that 

the transmitter assembly (2) only sends its data-ready signal (SCN3) when the 
complete data packet is present on this assembly (2). 

16. Method according to claim 14 or 15, 
characterized in that 

2 5 the maximum size of the data packets is set to a predetermined value, and 
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the receiver assembly (2) only sends its data-ready signal (SCN4) when there is 
sufficient storage space on the receiver assembly (2), 

17. Method according to claim 16, 
characterized in that 

5 32 byte, 64 byte, 96 byte or 128 byte are determined as the maximum size of the data 
packets. 

18. Printer control unit for high-performance printers having 

an I/O-module, one or more raster modules (9) and a serializer module (10), whereby 
the modules (8 to 10) each have a processor, 
characterized in that 

the modules are connected to a parallel databus according to one of the claims 1 to 12. 
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DECLARATION AND POWER OF ATTORNEY FOR PATENT APPLICATION 
ERKLARUNG for PATENTANMELDUNGEN MIT VOLLMACHT 
German Language Declaration 



Als nachstehend benannter Erfinder erkiare ich hiermit 
an Eides Statt: 

dass mein Wohnsite, meine Postanschrlft, und meine 
StaatsangehSrigkett den im Nachstehenden nach 
meinem Namen aufgefBhrten Angaben entsprechenr 

dass ich, nach bestem WIssen der ursprGngliche, erste 
und alleinige Erfinder (fells nachstehend nur ein Name 
angegeben ist) Oder ein urspranglicher, «rster und 
Miterfinder (fells nachstehend mehrere Namen 
aufgefOhrt sind) des Gegenstandes bin, fOr des dieser 
Antrag gestefft wird und far den ein Patent beantragt 
wird fur die Erfindung mit dem Titel: 

DATENBUS UND VERFAHREN ZUM 
KQMMNIZIEREN 2WEIER BAUGRUPPEN MiTTELS 
EINES SQLCHEN DAT£NBUSS£S 



As a below named inventor, I hereby declare that; 



My residence, post cjffice address and citizenship are 
as stated below next to my name. 



! believe 1 am the original, first and sole inventor {if only 
one name is listed below) or an originaK first and joint 
inventor (if plural names are listed below) of the 
subject matter which is claimed and for which a patent 
is sought on the Invention entitled 



DATA BUS AND METHOD FOR ESTABLISHING 
nOMMUNfCATTON BETWEEN TWO MODULES BY 
MEANS OF SUCH A DATA BUS 



Jderen Beschreibung 
0{zutreffendes ankreuzen) 
yjihierfaeigeiagt ist. 

S Ji am 12 October 1999 als 

JPCT internationale Anmeldur^ 

f ^PCT Anmeldungsnummer PCT/EP99y07632 

^ingereicht wurde und a m 

J^bgeandert wurde (fails tatsSchlich abgeSndert) 

^%h bestatlge hiermrt, dass ich den Inhalt der obigen 
^'atentlanmeldung einschliesslich der AnsprQche 
l-iurchgesehen und verstanden habe, die eventuell 

durch einen Zusatzantrag wie oben erwahnt 

abgeSndert wurde. 

Ich erkenne meine Pflicht zur Offenbarung 
Irgendwelcher Informationen, die fUr die PrQfung der 
vorliegenden Anmeldung in Einklang mit Absatz 37, 
Bundesgeset^buch, Paragraph 1, 56(a) von Wichtigkeit 
sind, an. 

Ich beanspruche hiermit ausiandische Priorit^svorteile 
gemass Abschnitt 35 der Zivilpro^essordnung der 
Vereinigten Staaten, Paragraph 119 alter unten 
angegebenen Auslandsanmeldungen fQr ein Patent 
Oder eine Erfindensurkunde, und habe auch aile 
Auslandsanmeldungen fur ein Patent Oder eine 
Erflndersurkunde nachstehend gekennzertshnet, die ein 
Anmeldedatum haben, das vor dem Anmeldedatum 
der Anmeldung Ilegt, fQr die Prioritat beansprucht wird. 



the specification of which 

(check one) 

□ is attadied hereto 

■ was filed on as 

PCT international application 

PCT Appiicatton No. 

and was amended on 

(if applicable) 

I hereby state that I have reviewed and understand the 
contents of the above identified specification, including 
the claims as amended by any amendment referred to 
above. 



I acknowledge the duty to disclose infonngtion which 
is material to the examination of this application in 
accordance with Title 37. Code of Federal Regulations, 
§1 .56(a). 



1 hereby dalm foreign pnority benefits under Title 35, 
Unfted States Code, §1 19 of any foreign application(s) 
for patent or inventor's cer^cate listed below and have 
also Identified below any foreign application for patent 
or inventor's certificate having a filing date before that 
of the appHcation on which priority is claimed: 
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German Language Declaration 



Prior foreign appHcationa 
Prioritat beansprucht 



Priority Claimed 



198 46 914.4 Germany 
(Number) (Country) 
(Nummer) (Land) 



12 October 199S 
(Day Month Year Rled) 
(Tag Monat Jahr eingereicht) 



Yes 
Ja 



□ 

No 

Nefn 



(Number) 
(Nummer) 



(Country) 
(Land) 



(Day Month Year Filed) 
(Tag Monat Jahr eingereicht) 



□ 

Yes 

Ja 



□ 

No 

Nein 



!ch beanspruche hfermit germSss Absatz 35 der 
Zivilprozessordnung der Vereinigten Staafen. 
Paragraph 120, den Vorzug alter unten aufeeffihrten 
Anmeldungen und falls der Gegenstand aus jedem 
Anspnjdi dieser Anmeldung n\dht in einer frOheren 
amerrkanfechen Patentanmeldung laut dem ersten 
ijjaragraphen des Absatzes 35 der ZrviiprozefJordnung 
Jer Verehigten Staaten, Paragraph 122 offenbart ist, 
firkenne fch gemass Absatz 37, Bundesgesetzbuch, 
Paragraph 1.5e{a) meine Pflicht zur Offenbamng von 
'^formationen an. die zwischen dem Anmeidedatum 
,^r frCjheren Anmeldung und dam nationalen Oder PCT 
ffltemationalan Anmeldadatum dieser Anmeldung 
^kannt geworden sind. 



I hereby darm the benefit under Title 35, United States 
Code. §120 of any Unfted States appl!cation(s) listed 
befow and, insofar as the subject matter of each of frie 
claims of this appllcatfort is not disclosed in the prior 
United States application in the manner provided by 
the first paragraph of Title 35, United States Code, 
§122 I acknowledge the duty to disclose material 
information as defined in Title 37, Code of Federal 
Regulations, §1. 56(a) which occurred between the 
filing date of the prior application and the national or 
PCT international filing date of this application. 



lApplication Serial No.) 
^nmeldeseriennummer) 



(Filing Date) 
(Anmeidedatum) 



(Status) 

(patentiert, anhangig, 
aufigegeben) 



(Status) 

(patented, pending, 
abandoned) 



(Application Serial No.) 
(Anmeldeserlennummer) 



(Filing Date) 
(Anmeidedatum) 



(Status) 

(patentiert, anhangig, 
aufgegeben) 



(Status) 

(patented, pending, 
abandoned) 



Ich ©rklare hfermit, dass alle von mir In der 
voriiegenden EkfSrung gemachten Angaben nach 
meinem besten Wissen und Gewissen der voiien 
Wahrheit entsprechen, und dass ich diese 
eidesstattliche ErklSmng in Kenntnis dessen abgebe^ 
dass wissentlich und vorsatelich falsche Angaben 
gemass Paragraph 1001, Absatz 18 der 
Zivilprozessordnung der Vereinigten Staaten von 
Amerika mit Geidstrate belegt und/oder GefiSngnis 
bestrafl werden koennen, und dass derartig wissentlich 
und vorsStzlich falsche Angaben die GQltigkeit der 
voriiegenden Patentanmeldung Oder eines darauf 
erteilten Patentee gefahrden k<3nnen. 



I hereby declare that all statements made herein of my 
own knowledge are true and that all statements made 
on Information and belief are befeved to be frue, and 
further that friese statements were made with the 
knowledge that willful false statements and the like so 
made are punishable by fine or imprisonment, or both, 
under Section 1001 of Title 18 of the United States 
Code and that such willful false statements may 
jeopardize the validity of the application or any patent 
issued thereon. 
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German Language Declaration 



VERTRETUNGSVOLLMACHT; Als benannter Erflnder 
beauftrag© ich hiermft cfen nachstehend benannten 
Patentanwalt (oder die nachstehend benannten 
Patentanwglte) und/oder Patent-Agenten mit der 
Verfolgung der vorliegenden Patentanmeldung sowie 
mit der Abwickiung alter damit verDundenen GeschMe 
vor dem Patent- und Warenzeichenamt; (Name und 
Registrationsnummer anfQhren) 



POWER OF ATTORNEY: As a named inventor, \ 
hereby appoint the following attomey(s) and/or 
agent(s) to prosecute this application and transact all 
business fn the Patent and Trademark Office 
connected therewith, (list name and registrab'on 
numba-) 



And I hereby appoint all Attorneys identified by United States Patent and Trademark Office customer number 
26574, who are all members of tiie firm of Schiff Hardin and V\feite. 



TelefbngesprSche bitte richten an; Direct Telephone Caffs to: (name and telephone number) 

(Name und Telefonnummer) 

312/258-57B5 



^ostanschrifl; Send Correspondence to: 

Q SCHIFF HARDIN & WATTE 

"^1 Patent Department 

y J 6600 Sears Tower, Chicago, Illinois 60606 

II j CySTOMERNUMBER 26574 



wVorterNaine filn^gsn ocJef ursprongiichen Effirders; 

psbertBA^ 


Full name of sole or fir$l inventon 


i.4Jnter5ctwiftdefi ^[finders . a Datum 


inventor's signature 


Date 


Wfiiltu Gdmnany f p 


ResidencQ 


SlsatsanflSheriskeft 

German 


CIllzdnsNp 


pgstanschrjl? 

Grafenwerderstrasse 4 


Post Office Addpass 


0^5457 W6rth, Germany 





(Bitte entsprechende Informationen und Unterschriflen (Supply similar Information and signature for 

Im Falte von weiteren Miierfindem angeben). subsequent joint inventors). 
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Voller winn'e des zws'rten MIterfindera (f^s zultreffend): 
Mnrh*»rt I4FPQP.M 

PIVl|fT7|\ iirrr^i?*i.fFT 


Fulf name of ssMnd Jofnt Inventor, If arty; 


UnteFsehriftdes Effintjers * « ■ ' ' Datum 


inventoT's sgnatura Date 


ivmnwi iwij^ vjwiiiiciiijr ^ / 




worman 


Citteenehip 


Postflnschrlft 

rorstonneder Alice 4ct 


F*oet Office Address 


D-81476 MOnchen, GERMANY 




Von^r Name da? dritten Miferfrnders (fete zuttrsffend): 


Full name of thin* jgint inventor, if any: 


Unterschrifl des Erfhders Datum 


Inventor's sl^atijri& [)ate 


Wohnaitz 


Residence 




Citizenship 


X Postaivseihrift 


poEt ofTlceAtfdress 






1 IjVoirer Name des vierten Mlterflrtders (feJls zuttapeffend): 


Fun name of fourth joint Inventor, if any: 


Jl^Unterachrift das Erfindere Datum 


inventor'fi fiignatune Dat6 




Residence 




Cffeenship 


Postartschrift 


Post Offiw Address 






(Bitte entsprechende Informationen und Unterschriften 


(Supply Similar information and signature for second 



rm Falfe von zweiten und weiteren Miterfindem and subsequent joint inventors), 
angeben). 
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